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1.0 OBJECTIVES

The performance of the Planar Notion Material Testing Apparatus
(PNMTA) will be studied in several steps. This report encompasses the
first phase of these studies, an analysis of the actuator kinematics and
the load generation capabilities.

The kinematic behavior of the PHMTA actuators was analyzed using
a computational algorithm written for a NINC-11-03 computer and a TK4010
plotting terminal. This analysis addressed two specfic goals.

a) Determine the range of motion of the test stage considering
various angular orientations of the test stage for the most acceptable
design.

b) Calculate tie maximum loads in the vertical, horizontal, and
rotational directions for each position of the test stage.

Best Available Copy



2.0 BACKGROUND

2.1 Test ReqTuirements

The minimum performance characteristics of the PMMTA are based on
requirements for: the maximum load, the maximum rate of loading and the
maximum sensitivity of the total system. This first study concentrates
only on the load and kinematic envelopes. The computer and its peripheral
data interface hardware should be the most critical components with respect

a to rate and sensitivity. These rate and sensitivity characteristics will
be studied in conjunction with the development of the computing software
in the next phase of the grant work.

The criteria for the approximate load requirements for the PMMTA
may be obtained from the literature, Messerer (1880), Perry (1957), and
Bell (1967). The results of their work are summarized in the book,
Clinical Biomechanics of the Spine, by White and Panjabi (1978). A choice
of requirements using this information should meet all of the test con-
ditions of the current grant. In addition, testing of other portions of
the human spine using higher loads than is needed for the cervical spine
tests will be possible.

The compressive strength of the human vertebrae was investigated
by these researchers. Summarizing the results for static or quasistatic
loading, the maximum compressive strength of the vertebrae are:

a) Cervical (level C7) < 2000 N (450 lbf)
b) Thoracic (level Tll) < 4000 N (900 lbf)
c) Lumbar (level L4) < 8250 N (1860 ibf)

Under high speed dynamic tests the load needed to produce end plate or
compressive failure is higher. Loads up to 13500 N (3030 lbf) have been
recorded, Perry (1957).

An estimate of the magnitude of the shear type loads at failure
may be obtained from the work of Weiss (1975). Loads of approximately
1000 N (224 lbf) applied directly through the facet articulations caused
failure of the neutral arch (at the pedicles). The total shear required
to induce failure of an intact FSU will of course be higher due to the
additional load carried by the anterior elements of the FSU.

The amount of flexion-extension moment thet the spine can support
with deficit has not been studied as extensivelv q shear or axial loading.
However, it is suggested that moments as small ao b'), (?I in-lbf) can4 cause failure of spinal components, White and Panjabi (1978).

2.2 Test Hardware

2The MOOG AO-85 servo actuator has been chosen for this project
based on its performance features and reasonable availability. This
actuator may be pivotted from either an upper or a lower pivot position
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relative to the actuator body. Both mounting positions were considered
in the initial part of this study. The piston area of the actuator is
1.1 in sq. which indicates a maximum force output of 3300 lbs at 3000
psi supply pressure. The piston stroke is 6 in.. The critical dimensions
of this actuator and the pivot positions are shown in Figure 2.1. Thegeometry of the actuator was input point by point to the computer for the

geometry calculations and plotting.
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3.0 ANALYSIS METHODOLOGY

The kinematics of the three actuator system were analyzed using
a HINC 11-03 computer. Four components of the PMMTA were considered in
the study: the three actuators and the test stage which supports the
inferior side of the test specimen. These components are indicated in
Figure 3.1. The positions of the three actuators and the test stage, as
they will be mounted in the loadframe, are defined by four geometric
design parameters and the three piston lengths. The actuators are
designated 1, 2, 3 from left to right. The four design parameters are:

1) S -- The length of the test stage. The height of the test
stage above the point of connection to the extension from the actuators
is 1.75 inches.

2) EXT -- The length of the extensions between the enM of the
actuators and the test stage.

3) X2 -- The horizontal position of the pivot point for actuator
2 relative to the actuator 1. (Actuator 1 is always drawn in position
(0., 0.) and a reference set of axes are drawn through the pivot point).

4) X3 -- The horizontal position of the pivot point for actuator
3 relative to the actuator 1.

All three actuators pivot at the same vertical level, y=O. As indicated
above, the effect of using the upper or the lower pivot position for each
actuator was also investigated. With the actuators mounted from the upper
pivot point, the actuators may be equally spaced along the X axis. To
simplify calculations, the length of the test stage is the same as- the
distance between the second and third actuators. This means that the
test stage should be exactly horizontal when the length of the ;econd
and third actuators are equal.

A piece of hardware is needed to join the actuator piston to the
hearings of the test stage. This piece will extend the length of the piston
and twst be included in the analysis. The length of this extension between
the test stage and an actuator is somewhat arbitrary. However, the extension
should be long enough to permit each actuator the full 6 inches travel, if
other factors permit this. An extension approximately S-6 inches in length
appears to provide reasonable clearance- for most configurations. The exten-
sion requires approximately 1 inch of length to join the extension piece to
the actuator piston. Excessively long extensions would imply unnecessary
weight supported above the actuators, which should be avoided for dynamic
considerations.

The kinematics program used to analyze these components permits
defiiition of the desired motion in either of two ways. The input specifies
either: a) the three piston lengths or b) the global coordinates and angle
of-a reference point on the test stage. With either of these sets of input
data the prograz calculates the necessary kinematics and loads. Listings
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of the main program along with the separate subroutines can be found in
Appendix A.

For each set of calculations, four pieces of computer output may
be produced, the plot of the actuator positions and three pages of printed
data. A case number is included at the beginning of each line of results
so that parameters corresponding to a specific calculation may be cross
referenced on each page. A letter "P" adjacent to a case number indicates
that the results of that case were included in the plot of the actuator
position. otherwise only the calculations were made and not included in
a plot. All cases between a set of horizontal dashed lines consititute
a motion sequence and were considered for one plcc. Page one of the
printed output presents the geometric information, piston lingths and test
stage position. Page two presents the load calculations referenced to a
point at the top center of the test stage, indicated by a "A" on the
plots. Calculations referred to a set of axes drawn at this point, with
the y axis perpendicular to the test stage and the x axis parallel to
the test stage, are considered to be in the test stage or "local coor-
dinates".

Page three presents the load calculations referenced to the pivot
point of the first actuator, which is the origin of the axis system for the
whole apparatus, or the "Global Coordinates".

For each case three load conditions were calculated. The positive
or negative force limits of the actuator (3300 lbf) were used in three
different configurations ax each position to maximize the vertical,
horizontal and moment directions. These various load conditions are in-
dicated next to each case number either a V, H or M representing the
maximum vertical, horizontal or moment case respectively.

The combination of piston force chosen here maximizes the three
different load components for those positions of the apparatus in which
the angle of the first actuator is < 900 and the angle of the third
actuator is > 900 (the angle is measured counter clockwise positive from
the X axis). For some of the extreme motions of the test stage, the
relative positions of the actuators have changed enough to alter the
effects of the generalized load cases. la these extreme cases, the same
combination of piston forces may not actually maximize the intended load
parameter.

S~-6-
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4.0 RESULTS

The results of the kinematic study were used to set the actuator
design configurations as well as define the motion of the apparatus. The
results of the study are in three areas:

a) Actuator configuration in the load frame
b) Envelope of motion for the apparatus
c) Loading capability

4.1 Actuator Configuration

The kinematics of two different pivot positions for the actuators
was investigated. Figures 4.1 to 4.5 showrepresentative results for the
actuator motions using the upper pivot point. These figures show displace-

ment of the test stage with variout length stages and a 5 inch extension
on the actuators. For the upper pivot location, the test stage was required
to be at least 5.0 in. to avoid interference. The figures show that the
upper pivot position results in large faotions of the body of the actuator.
Figure 4.6 shows the motion of the system with the actuators mounted at
the lower pivot point. Figures 4.3 and 4.6 show a comparison of the
motion of the system with an upper versus the lower pivot point and a
six inch test stage. The lower pivot point significantly reducas the
motion of the actuators. Minimizing the motion of the actuators will
minimize the inertial dyna•aics of the system thus optimizing the potential
response characteristics.

4.2 Matrix Envelope

The test stage of the apparatus operates in a planar area, trans-
latory vertically and horizontally with a positive (coumter clockwise) or
negative (clockwise) angle for the test stage )urface. The three factors
that limit the o edion envelope of the PMMTA are: a) the piston lengths,
(not to exceed six inches), 2) interference of the actuatswihehohr
and 3) the third actuator should not go into a "'snap-through" condition,
a condition which exists when the test stage and the third actuator are
aligned.

,--.9-
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Considering these factors, the envelopes of motion for the
test stage were determined. The maximum and minimum vertical and.
horizontal positions of the system with the test stage at 00 angle were
determined. The point (9, 17.6) is the center or mean between these
four extreme points. The range of motion from this point in the direction
of the extremes was determined for various angles of the test stage.
The test stage angles varied from -500 to +500. Figures 4.6 to 4.11
show the vertical and horizontal extreme positions for the test stage
at 00 and 300. The calculations for the kinematic positions and maximum
forces on the test stage for each position are presented in Tables 4.1-4.6.
Appendix B contains the figures for the remaining angles up to plus and
minus 500.

4.3 Load Sensitivity

At each maximum and minimum position, for a particular angle, the
minimum forces on the test stage and specimen were determined.

Tables I and II indicate the maximum forces and moments along the
horizontal and vertical axis at various angles that the PMMTA can generate.
Shown below is a comparison of the test requirements from Section 2.1 and the
PMMTA capacity.

Test PMMTA
Requirement Capacity

Horizontal 2500 lbf 2200-8200 lbf
Vertical 3030 lbf 4200-9500 lbf
Moment 71 in-lbf 11-26,000 in-lbf

The requirements for the test specimens are well within the capacity of the
PMMTA.
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KNEYAT:C, S OF T, E . HREE. ACTUJATOR SYSTEM DATE : 30-JuIF-S
ACTi,.AT.OR' M - A083 - 8 IN STROKE

ACTUATCR FIVOT PStTION; TEST STA, ,
AC'UATOR #14 ( 0,0, 0.00) LENGTH: SO00
ACThATR #2 (Q2.00, O.00 HEI ', 1.750
AT2A.'. #3 (18.00, 0.00) ACTLAT.CR CxTENS:CN: .000

PL! I PL2 PL3 i RE PNT THETA i STOPOS I
* CA E!U(N)" (IN) (IN) I X l Y 1 (RAD) X Y I

----- ----- ----- ----- ----- ----- ----- ----- --------. • -V. -------------l -. ll .. ---.• -. . l • . l

6 :I 8.0000 6.0000 1 6.0000 9.0000 119.2235 1 .0000 5 8.000 1 20.S755
p 21 0.0000 0.0000 1 0.0000 .0000 1 12.030. 1 -0.0000 i ;1000 14.535.:

C 0

C 0

& 0

* ()

o0 0

o 0

* 0

( .,)

( .)



FOR:ES ON TEST STAGE (LOCAL COORDINATES) DAIt 20-J.-
ACtUA.-OR: MOOG - A085 - 6 !h STROKE

(ACTUATOR PIVOT POS:74*0k: 7 ST 57SS
AA~CT'7 #1 ( 0.00, 0.00) LEhNGrT: S. 00C
ArJATC, #2 (:2,00, 0.00 :.750
ACTUATCR #3 (-.O0c, OOO ACT!iTCR EX:NS:.:: ^ 5.OCC

I F•x: FYI ! F2 1 FY2 FR X I FlY m nh-
*CASEIIO:R (LBS) I ( (LOS) - (LOS) (LOS) (LOS) 1 (IN-LBS)

UI V .0 ! 8300.3 I -983.1 31150.2 Sal.l. -9450.5 1!7?0.!
4 H I i.SS.1 -0.0 1 Se93: -3150.2 -224S.4 1 3150.2 4289.B
M 1 0.0 6300.3 1 Sal.! -3!50.2 I -SE3.: 1 -31150.2 26s20.s

2 V I -0.0 H576.4 1 -1400.3 22H2.2 1400.3 E-824.5 !!4:5.0 1
290C3 " 0.0 1 :-40.3 -ZU...2 -4z00.S S2s6.2 It S . ' 0

-- , 5 3576.4 1400.3 -2999.2. -:400.1. -208.2 24443.4-

o 0

I(

( 0

( 0

c 0

o 0

* C

( :)

-17-



F4CMS ON TEST STAGE (GLOBWL COORDINATES) DAE : 30-..L-i'
C •.ACO: aCCM - AUSS - 6 IN STRIKr

AMTATCR PIVOT PSlC:TES- STAGE
ACTL!ATCR ! t( 0.00, 0.00) ýErT37A:, 5.000
AC UATCR #2 (12.001 0.00) HE:3ý7: !. 75C
ACTJTCR•C.: (18.00, 0.00) AC,.JATOR EX-EN5.C1.: 5.000

FXI FYI X2 FY2 I FRX 1 FRY ! KC-T
*CASE/flIR US; UJS) i (LBS) (Las) I ULS) i (Las)! axB)

I V 1 0.0 6300.3 1 -993.' 1 3150.2 1 993.! I -S450.5 1 !!U70.9 1
* !26'. 0.0 I S51.: -3:50.2 -224S.4 ! 350.2 428J.!

.C 5.W00.3 MS3.: -350.Z -S62.1 -3:50.2 23630.2
2 V -0.' 1 5•78.4 -1400." 2989.2 1400.3 -9S64.5 I l:4!5.C

S28,0.6 0.0 1100.3 -2S,3.2 -4K. ! .2 ::,. 9 220.2 0
P -0.0 575.4 1400.3 1 -25E8.2 -1400.3 1 -Z2.2.: 24443.!

* 0

*... •IS 0

£ 0

* 0)

• •
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KINEMTICS OF THE THREE ACMTUA TOIR oT : T 05-U.-01 -
SACTATOR: MOM - aM - I INS•FM

ACTUATOR PIVOT POSITIO: TEST STAGE
ACTI•MATR f1 ( 0.001 0.00) LENTH: 6.000
ACTUATOR 92 (12.01 0.00) EIGHT: 1.750
ACTI•MT 3 (18.0, 0.00) ACTUATOR EXTSION: 5.000

I PLI l t.2 I nU I ItF FT I THETA I STSGP I
CAR E () Ai (I ! (IN ) I 1II X I Y I (RA) I X I Y I

P 1 1 1.7146 1 5.9730 I 5.573 1 2.6100 1 15.350 I -0.000 1 2.6100 1 17.6000 1
FP I 5.L 0 1.713 1 1.7153 1 15.4100 1I 15.8500 I 0.0000 I 15.4100 I 17.6000 I

* 2

oj 0

o5 0

(•

* A

*-20-, •



FMECn ON TEST STAGE (LC. C INATES) DATE : 05-H1

ATUATO FI POSITION: TEST STE )
A CT1MTUATOR #1 ( 0.0O0 0.00) LEINTH: 6.000
ACMTUOR #2 (12.00, 0.00) H[16I": 1.750
ACTUATOR 03 (18.00, 0.00) ACTUATOR EXTENSION: 5.000

I FXI I FYI I FX;. I FY2 I FiX I FRY I NOW I
CA/EIIIR I (LIS)I(US) I MIS) (IME) I (LIS) I (LIS) I (N-L- ) I

I V I -2113.1 1 16.9 1 -2032.4 299.9 4145.9 -6496.3 17152.3 1
H1 1951.21 M99.11 2032.41 -ZJ9. I-33.5 1900.31 292.8 I
N 1-2113.5 1 5 .91 2032.4 -2M9.9 111.2 -3299.01 2563 .51

2 Y 1 2119.71 5397.21 15.31 329.9 -2205.1I -19M.11 33.11
N 1949.1 1-700.61 -"S.3 -329M.9 -1083.7 3999.51 4533.4 1
II 2119.7 597.2 1 -6.3 1-3293.9 -2034.4 -259.3 I 24028.1 1

C' 0

* I

* 0

* 0

( )

£

*

-,, • •• .•. . ;.'•-2 1 - '''''''' " :•,,,,,,• • - - " • "'-. . / . ,'- . ... • . • -, - - ... • -. • , :. , ..



FORMS ON JUT sta (iat CUONIMI) NE : 05-"U-1
ST PtO: M -m - I IN ST9iw

ICUATOF PIVOT POSITION: TOT go
AMOTNT 1 ( 0.40, 0.00) LonT: 1.000 )
AMONTU 02 (12.00t 0.00) IEIUIT: 1.750
ACTUIAT #3 (18.00# 0.00) 1MTUTI waImSIN: 3o000

I FXI I FYI I FR2 I FY2 I FIX I FRY I MITl

CASE/A I (LIS) I (LSu) I ( IS) I MLU) I (LU) I (LN) I (OI

1 V 1-2113.51 M9.9 1 -20.4 I1 Z .9 I 4143.9 I -4 .8 1 17152.31
SH1 111.21 6 13.11 20.4 "-2M3.9 13U03.5 I 1900.31 202.1 1

N I-2113.51 M. .1 2012.4 -219M. I 11.2 1 -320.0 1 23.31.
Y2 VI 2119.71 397.21 1N.31 329M.9 1 -220W. I -"1.1I 336.1 I
H 1 1949.11 -700.11 -6.31 -3 .9 1I -11D.7 I 30.51 4333.4 1
N 1 2111.7197.21 -N5.3 1-3211.9 1I -20.4 I -M3.31 2402i.1I

(-22

•00

• •

• •

4 )
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AC -T----- Nol- ----- IN am (,sea ixe, -,-.b)

UAMii PIVOT MITI: TOT STIE
ACTIATP 01 ( 0.00, 4.0) Limn: 8.o0o

CACTUATOR # u11.oo, o.0) HEIIT: 1.7 )
AMT 3 (2.0, 0.00) ACTUATOR ETION: 5.000

I PL I FLZ I L 3 I NEFUNT I 1111'A 1 111 I
c I I(IN)I(IN)I I X, I Y I (N) I X I y I

P 1 1 3.L 12.11I M5.W2 I S.91 IM.1 0.321X I L.OW 119.30001
P 2 I 1.1271 0.1477 1 3.2493 1 l.M7 1 14.9BW51 0.236 1 .000 1 11.00 I

0

o 0

C) 0

But - k

*0• 0

i(-I 0•

-2 0

• • " " . . . .. .i• " ," , .... • .. .. . .. • '• : A '-E -,-:.. '.L -. .:• • • ' ;• -: ' -0
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4 C .... . . ...

"FC" 0 TEST 1TAE (LCAL COIINATES) DANE : O*ilu-l " 4,-°
ACTUAlMl: MM - AM5 - I IN MIIlE

W UAM POIWIT iItTIM: 1iuT STA
WTUATE 91 ( 0.00, 0.0) Lonm: 1.00
ACMWUAT 92 (12.00. 0.00) NEIur: 1.750

T~MT 13 (18.0t0.0.0) VTMTM MITNI: 3.000

I FXi I FYI I 2 I M I FX I ' I OW 1
It (ML) I U8 1 I) I (LU I (LI•) I (LIS) I (LUS) (I U I) I

1 V 1 3481.01 5140.41 7M.31 3201.9 -428.II1 -M.31 -11.91
H I IM.8 I -123.3 1 -7M.3 I -201.9 -1915.0 I 4470.21 3901.3I
2 3461.0 1 .4 -. 1 1-301.89 - .2 I -M8. ZI 2 S.0 I2 1321.8 1 4874.1 1 0.3 1 23.2 -4077.7 1 -IA.2 1-1816.21

N121S.0 1 -1311.2 1 -0.91 -323.2 1-1340.9 1 4745.4 12472.31
N 1 3421.8 1 4V74.11 -0.8,1 -3234.2 1-INS.9 1 -173.9 1 19M.4 1

0. 0

1 3

io U

I

'4 -25-
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". FOCES ON TEST STAGE (ILOM ClUIIAS1E) MRE: 0-4u "
ACllIUATR lirD - Am - I al 1111

ACTATOTR PIYOT POSITION: TEST STAGE
ACTIMTOR #1 ( #.Or 0.00) LoIsTl: 1.00
ATMUA1TO 92 (12.0, 0.00) !EIi: 1.7O )-
ACTUATOR #3 (18.06t 0.001 ACTUATOR EXTESION: 1.000

I FXI I FYI I FX T I F I X I FR Y I NNE I

CAE/Ill I (LBS) I II1.3) I (LIS) I Ml1) I MIS3) I (LIS) I (IH"LS) I

I V I 427.1 1 6182.3 1 -100.21 3172.3 1 482.1 I -Wl.5• -103.1

* .:I 11: Il *:tI :31H:1: :I-:1 A I- : A1 I
2 Y I 476.3 I 6011.1 I -1049.0 3123.8 I 572.7 I -1147.4 1 -1915.2 I

N I 2M.1 1 -210.41 1046.01 -3128.8 1 -3707.1 1 3338.2 1 1472.3 1
N 1 479.3 6013.I I 1045.0 1 -3128.8 I -1525.4 I -2189.3 J 11734.4 I

I• 0

'0 0

o 0

( 0

o 0

.)
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,:NEMAICS C, THE TH.REE ACTUAT0R SYSTEM DATE :C ,-JUL-B: -," ke 4,4-c..
ACTUATCR: wCV.O - ACB5 - 6 IN STROKE 0" -" 94-.&.c)"

ACTUATOR P.VCT RCS1I!ON: 'EST STACE
ACTUATOR #1 ( 0.00t 0.00) LEXCTo: 6,00.
ACTUATMR #2 (:2.00, 0.00. HE:, ' .750
ACTUATOR #3 (12.00, 0.00) ACThAT.R EXVENS0: 5.0N C

PL: PL2 !p. RE ,N TOETr ST Ps
CASE: (IN (N." (IN) X Y (RA-) X Y--------------- ------------------------------------------ ,---------------------- ---------------------------------------------

P 1 1 0.7553 1 2.9837 I 5.97S7 ! 5.6250 1 1.04• 1 0.5236 I 4.7500 I 17.6000
- P 2 2.153: 1.1902 4.2826 I S.8750 1 16.045 I 0.5238 9.0000 i 17.6000

3 1 4.2057 0.4624 I 3.5102 23.8750 16..E45 1 0.5236 i 13.0000 I 17.6000

0" 0

f 0

) °

* 0

4 09

oP-= MI



FOR`1E1 ON TEST STAG (LOCAL CO07D:NATES) DATE : a-JUL-81 -e 4A,4
ACTLATOR: MOOG - A0S5 - 6 IN STROKE

ACTLATOR PiVoT Pa0:S::N: T S! STA0E
ACTUATý** #1 ( 0.00.1 0.00) LENITH: 6.000

4 ACTUATOR #2 (12.00, 0.00) HEiGHT: 1.750
ACTUATOR #3 (28,00, 0.00) ACTUATOR EX7ENS.,N: 5.000

r*! .... 0
.X! FY: i• 7YI :Y FIRX FR r i •y

CAS:!n"R I (LBS) (LBS: (iLBS) (1L6S) i (L8; S i LBS) (:N-LBS)

1 V 2!04.1 5 761.7 53.3 329S.6 -2157.4 -9081.2 36!0.8 1
H 1 22e8.8 -435.8 -53.3 -3290.3 -2235.3 4135.3 3475.7

* 2104. 1 5751.7 -53.3 -32S•,6 -2050.8 1 -2462.: 235S4.•• I
2 V 1 3441. i 5047.8 7:7.2 1 322!.: -4158.8 1 -8266.c -:7S7.S

H 1 206"3. 1 -1406.6 -717.2 -322.1. -346.0" 4627.8 3088.! 1
" I 344i.6 5047.8 -7!7.2 -3221,: 1 -2724.5 -1623.7 2003E.0

3 V 4555.S 4187.7 13H6.6 29e8.5 -5c556.5 -7177.6 -6830.3

H 547.0 -:664.5 -13SGS -2862.2 -150.4 4874.4 13553.0
m * 4555.9 4287.7 -0396.6 -22E62. -3:63.3 i -!:S7.8 :5SS5.q

.0 0

() -,)

o,

c 0

-300

C)W
:} ( ')

L ( )
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FORCES 2N TEST STAUE (OLMBAL COORDINATES) DATE : 30-JL-8I T•L - 4,4-.
ACTjA70R: MOMG - A•85 - 6 IN STROKE

A,.UAMCR PIVCT POSITION: TEST SAE
ACT.•A70R #C ( 0.00, 0.00 LEnGTh .000

CACTUATOR #2 120.00t0.00) C..EOST: :.75%
ACTUAMTR #3 (1.00, 0.00 AC.AT.R, EX'S• : 5... : 5,000

FXI FYI FX2 FY2 i FRX FRY
CASE/D:R (UBS! (LBSt (LBS)} (LCS (LS31 (CS) (!N-3Sm

1 V ! -105.6 6041:8 -1603.6 ! 2884.2 1 2682.2 ! -8926.0 i 3610.8
H I 239S.8 i 420.5 1603.6 1 -2884.2 1 -4003.4 1 2463.7 I 347E,7
m -14058.S S04IB 1603.6 ; -2864.2 -545.0 -•:37.6 I 23594.E

2 v 456.8 160:2.3 -689.5 13:4.2 3 532.S -S240,5 -1787.8
H 24S0.0 -186,6 98S.5 I -314E.2 1 -347P.5 " 3334.6 308H.1

o 4565. M082.3 88E.5 -3148.2 -1446.1 -2944,2 2003.10 0
v i :855,2 5S06.8 -2•3.5 I 3287.6 -15S9.7 -:,- 4.2 I -6830.^-

S2182. -685.3 285.5 -3287.6 -2467.5 397.60 1 3653.0
S1855.2 50.6 265.5 1 -3287.6 -2:40.E -2816." 15EZ.8. 0

oe
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KI~MTICS wF lIE r ETImJA T hl MIA 03-UNH1 "T'SLI 4,6-

ACTATO: US - mU - SI ha K IIM(
AtITUTOR PIVOT POSITION: 1E1T STAE

ACTUATUhR 1 ( 0.00, 0.00) LNmTH: 6.000
A CTUATOR K (12.00v 0.00) HEIWT: 1.750
AClAiTOR a (16.00, 0.00) ATCMTUATOR ExTEBIN: .000

I PLI I Fu I K3 I IF PKT I THIETA I S?61O !O

CS I (IN) I (IN) I (IN) I X I Y 1 (MlD 1 X 1 Y 1

P I I $.On21 5.9177 1 3.422931 L*IM 1 17,4!45 1 .-,13 I L 1,0 1 .0000 1

P 2 1 2.0110 1 .31 0.0M 1 1 o.10 I 113.8 1 -0-3231 1 3.0000• • 1.2000 1

C 0

0 0

1O 0

• 0

• 0

)

)

(
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a TT no m (LOCAL CoINiMi) DA•E : 03.G-81 "Tb.. 4.6- I-MYm MM. -m m -. i!

AiCMAit FMIWT Iunmm: TEST lKAE
CT!•Mt #1 (0. 0.0.00) ILlmT: 6.000

AMitI a2 (12.0f 0.00) NEIWt: 1.750
WIACTUt 93 (11.00, 0.00) ICTUiTt cx INiu: 3.000

I FX I FYI I FX 2 I M I M I FRY III I
CA S /DIl I (LU ) I ML I) I (L ) I (ILE) I (1.I) I (LIS) I (II-I.1S) I

I 3 1 -31.4 1 377.7 1 -=5. 1317.4 1 55.2 1 -725.0 I 20M02.1I
SHI 1108.61 1032.7 1 I5. 1-117.41 -43W4.51 114.7 1 1177.41
N 1-3239.41 377.7 1 2085. -1117.4 1 3.6 1 -3460.3 221106.4I

2 V I -321.1 ! 5231.3I 1 -2N2.0 I1307.6 1 603.5 1 -403.4 I 21531.3 1
fN I 20.61 12.0( I 22.0 1-1007.6 1 -447.5 I 331.6 I -31.61
N I -3211.6 1 5231.1 I 212.0 1 -107.6 I 323.6 I -3624.2 I 21094.9 1

o 0

1(

0 0

A• 0

K 0

• o

)
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Ac"•ATM: W - m - 13 sII

WMTM PI01 PzTIOM: iTl STUE
MIIMTR 91 ( O.. 0).W) Lah: .00W

£ #I•W U (12.00, .0W) IEIUf: I.?*
MMT3t 1 (11.00, 0.0) Mlti WBInIN: 1.000

4O
I FXI I FYI I'FU1 I F2 I M I F Y I W I

CASE/llm I (LI) I (1.3) I (U1P1 I MED3) I (1.3) I (,M13 I ("ILlS) I

I t 1 -142.61 1.91 -127.31 3N03.4 150 .M l -W.3 1OSW5
N I 137.4 45.0 137.3 -30N3.4 -3354.71 20.4 1177.4I
N 1 -142.81 Wt. 1357.3 -3003.4 -1-24.7 I -. 3 M. 22M6.4 1

2 V I -11.41 513.6 1 -1U.1 I M3.2 1 1357.5 1 - .8U 1 210.3 1
I I 24n22.8 ID.31 119.1 1-2133.2 1-4114.91 27.9 1 -31.11
K I-165.41 63.1 1 189.1 1 -20U.2 1 -1=.7 -3303.5 1 21094.5 1

-3

* 0

* 0

//o 0
o5 0

•( -35

•-. .:.•, .•o... ,• --. .• '•r•,L o-4,• •,'. • •' - ":'"ri '::• .. ,-•.•: .• : : . : . .. .&• .*



w-. I

CD~ to (S)4-

~0

I.- u 0U
UW(Oa<E 0

w 0 C0

z aoz

~Q 0

tia4Z 0)

00 0X
-4J

u )0

-36-



tLINYTICS OF TIE TOME AlMYIP MYTM DTE 03-MAHIA -
AMTO: NO -AM -I INSTMUI (O e F-cq. 4,11)

(C1MTUR PIW MTuaIO: -EST STAIE
AClMTOR 01 ( 0.00, 0.00) LENOTH: 1.000
ACIM It 9 (tZ.00r 0.00) WORIT: 1.750
KUIMIU #3 (18.00t 0.00) KACTRIATII ONSI 5.000

FU I F2 I FUI DEfIIXT I THEMA 1 TUPH I
CME I(IN) I(IN) I(IN) Ix yl YI(W)I xl TI I

F 1 1 MPS 1 5.S7 I L. 1 4.0201 IOSI -0.45=-Z 1 5.760001 17.U0M01
P 21 L=IS 3.61751 O.U0S1 12.= 1 16.U064 1-0.RX 113.0000 117.8000 1

100

0

0

&-37
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"FS:I ON I1TE (LFA CO01H11MIN ) DA : T 03- 1 '

UTUATR:Nll A-m - I IN row

C711MTI PIVOT RfITIM: lit ST"
WTIlMTU #I ( 0.00.00 0) LIBHI: 6.00
SATIMTIR 1 (12.0, 0.00) NEIWN: i .7i5
XTUkTiR 03 (I1., 0.0) Aiw%1TW E EIIU: 5.00o

4 0
I FXlI I FY I FIM I I2 I Fft I FY I MW I

CAS.1I (LuE I (i.) 1 (,AS) I (Les) I (Les) I (LeS) I (10.m) I

I V I -410.41 4731.0 1 -313.5 I 1344.5 1 710 I -M06.I8 I 2245.9 I
NH I 132.71, 1346.1 I 3013. I -1344.8 1 -M.2 1 -1.3 1 31.9 I
IN I -410.4 1 473890 1 313.5 1 -1344.81 1054.5 1 -3394.1 I 20157.5 I

2 V I -1121.3 I MU.0I -2Z36.4 1 2426.71 4357.7 1-M3I.7I 1183.1 I
H 1 1542.6 1 69.6 2236.4 1 -2426.7 1 -4179.9I 11728.1 I 1 .5 I 0
K' I I -2121.31 9S.0 2236.4 I -2426.7 -I15.1 1-3472.4 1 24775.7 I

C 0

0)

0 0

I( 0

(. )

M -38-
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FWESIN M l TAE S (UKEOOM. IMII 5) IATE: 03-' 6• l" i,4,8.-
ACTUATO: M - AM - I IN EME

ACTUAOR P POSITION: TM STAEm
ACTUATOR #1 ( 0.00, 0.00) LuMum: .000
ACTUATOR 12 (12.0, 0.00) HEIGNT: 1.750
ACTUATOR 3 (18.00# 0.00) ACTUATE O xReuION: 5.000

I FXI I FI I l I F 2 I MFl I F RY I IENT I
CAffIDIRl i L)i( I (ML (LIS) (M) I (Los) I (xIM-S) I o

I U -11M.51 6I1.3 -1137.4 1 2171.4 1 312.9 1 -W9 .7 m4s.5.3
S• I1 2017.71 30.41 1537.41 -2971.4 1-30.1 1 M.0 1 31.1 1

NH 1-113.5 1 . 1.31 1937.4 1 -271.4 1 -746.9 1 -341.3 20117.5 1
2 V 1 1112.4 1169.4 -723.4 1 3210.7 -3M9.O 1 -=33 11 18043.1 1

H I 2031.1 -31.3 1 7.4 1 -3219.7 -273.o 1 331.0 1 201.5 1
N H 1112.4 i11.4 1 7.4 1 -321.7 1 -13.8 1 -2949.s1 I24775.7 0

o 0

o o

* 4:

(•. 0

C, 0

(. .5)
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TABLE I

FORCE RANGES AT MAXIMUM AND MINIMUM POSITIONS FOR EACH ANGLE ALONG THE
HORIZONTAL AXIS

ANGLE HORIZONTAL VERTICAL MOMENTS
(deg) (lbf) (lbf) (in-lbf)

.+50. 6500 - 7800 5000 - 6500 14,000

-500 7700 - 8200 4200 - 5100 24-26,000

+400 4400 - 6800 6200 - 8100 13-19,000
-40° 6200 - 7800 5200 - 7000 21-23,000

+30' 2200 - 5900 7200 - 9100 16-24,000
-300 4400 - 7100 6100 - 8300 23-25,000

+20' 2900 - 3000 4400 - 9300 17-26,000
-200 3500 - 6200 7000 - 9100 22-26,000

+10 3500 - 4000 8500 - 9100 21-26,000
-10° 2700 - 5200 7800 - 9400 24-26,000

00 2200 - 4100 8500 - 9200 24-26,000

-40-
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TABLE II

FORCE RANGES AT MAXIMUM AND MINIMUM POSITIONS FOR EACH ANGLE ALONG THE
VERTICAL AXIS

ANGLE HORIZONTAL VERTICAL MOMENT
(2lbf) (lbf) (lbf) (in-lbf)

+500 6900-7000 6000 11-12,000
-500 8100 4500 25,000

+400 5600-5700 7200-7300 16,000
-400 7200 5700-6000 23,000

+300 4100-4200 8200-8300 20,000
-30 0  3300-4100 8900-9300 21-23,000

+200 2500-2600 8800-9100 22-23,000
-200 4400-4800 7800-8300 23-25,000

+100 2400-3300 9100-9400 24-26,000
-100 3500-4500 8500-9100 24-26,000

00 2900-4200 8900-9500 24-26,000

-41-



5.0 DISCUSSION: Selection of Design Parameters

To optimize the response of the system a pivot point that mini-
mizes gross actuator motion is required. The results indicated that the
lower pivot point is the best choice to meet this requirement. Therefore,
the apparatus design will incorporate the actuators mounted at the lower
pivot point.

A set of ranges of maximum and minimum motion was established for

the test stage positioned at positive angles. A second set was determined
for the negative angles. These results were combined into a single set
of envelopes by using the more conservative extreme positions from the
two sets of calculations at each magnitude (absolute value) of test
stage angle. Figure 5.1 shows the range of motion for the absolute value
of test stage angle. In the first quadrant the actual boundary for 00
angle of the stage is shown. This curvature of the envelope was found to
be similar for all of the envelopes.

In order to simplify the boundary conditions, a conservative,
linear approximation was made for the curved boundaries. Figure 5.1
shows this approximation for all of the various angles. All of the
envelopes have a similar shape, however, they are not concentric. The
variations in the envelopes is due to the non-geometric constraints on
the system, such as the actuator interference constraints.

A second linearization can simplify the results further. Figure
5.2 shows the variation of the actual boundary from the center of the axis
system as a function of increasing angle. The curves are non-linear which
results in the non-concentric envelopes. Conservative, linear approximations
were made for each axis (see Figure 5.2), which results in concentric linear
envelopes, Figure 5.3.

The finalized enveloped (Figure 5.3) have the following ranges of

motion

MAXIMUM MAXIMUM
ANGLE VERTICAL RANGE HORIZONTAL RANGE

(in.) (in.)

0 5.0 13.0

100 4.1 10.8
200 3.2 8.8
300 2.5 6.6
400 1.7 4.5
500 0.9 2.3

These ranges of motion are more than adequate to meet test
requirements for all of the spinal specimens. The simplified linear
approximations may be applied to the definition of a motion limit
envelope used by the PMMTA control system for limit motion detection.

-42-
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S1wr, -n,.-
6.*0 SUMMARY

The Moog AO-85 actuator is suitable for the Planar Motion Material
Testing Apparatus (PMMTA). The following conclusions may be drawn from
the kinematic study of the three actuator system:

1) The PMMTA actuator configuration will utilize the lower pivot
point of the actuator.

2) Considering the pivot point of the first actuator as the origin
of a set of global axes, the second and third actuator pivot point locations
are at (12, 0) and (18, 0) respectively. The moveable test stage is six
inches long and is attached to the actuator pistons by five inch extensions.

3) The PMMTA load capacity exceeds the test requirements for
vertical, horizontal and moment loading of spinal specimens by at least
a factor of three. The envelope of motion of the PMMTA depends on the
angle of rotation for the test stage (the size of the envelope decreasing
as the absolute value of the angle increases).

'4) The smallest envelope of motion for the specimen test stage is
0.9 in. vertical and 2.3 in. horizntai-at -500 angl oe f the.est stage.
"This exceed-s-the r'equirements for testing spinal specimens.

-46-

'.-



7.0 REFERENCES

1. Bell, G.H., Dunbar, 0., Beck, J.S., and Gibb, A.: Variation in
Strength of Vertebrae With Age and Their Relation to Osteoporosis.
Calcif. Tissue Res. 1:75, 1967.

2. Messerer, 0.: Uber Elasticitat and Festigkeit der Meuschlichen
Knochen. Stutgart, J.G. Cottaschen Buchhandling, 1880.

3. Perry, 0.: Fracture of the Vertebral End-Plate in the Lumbar Spine.Acta Orthop. Scand., 25 (Supple), 1957.

4. Weiss, E.B.: Stress at the Lumbosacral Junction. Ortho. Clin. N.
Amer. 66:83, 1975.

5. White, A.A. and Panjabi, M.M.: Clinical Biomechanics of the Spine,
J.B. Lippincott, Co., Philadelphia, PA, 1978.

.-47-

*t1;.:•• :% • t, ...... , .. ...... .. .....-- o•".. . • •..."' - . . . .. .



APPENDIX A:

Appendix A contains a listing of the various subroutines used in the
Kinematic study.
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C PROGRAM TO STUDY THE KINEMATICS OF THE THREE ACTUATOR SYSTEM
( C FILE 3 ACKIN.F04

C
PROGRAM ACTKIN

LOGICAL*1 FNOUT(14)
LOGICAL PLT,HDCPLN
INTEGER OUTDEV
DIMENSION DAY(3)
COMMON/ACT/ NAA(Zr75)rRA(Z1 75)
COMMON/CONTRL/ IPCt!
COMMON/LDFRM/ S,EXPXZ,X3'
COMMON/PL/ PLI ,PL2YPL3

* COMMON/PLTWIN/ XMNrXMX,YMNYMX
COMMON/TSTf NTSPTS(2,13),RTS(2,13)
COMMON/GEOM/THI ,TH2,TH3,TH,
& U1(2),U2(Z),U3(2)0
COMMON/COORD/XCyYCrPH

C

( C CALL DATE(DAY)0

NA=75
C ~NTS=1:3

NCAS=100
C
C OPEN two scratch files, UNIT=50 and UNIT=51 for the farce output

C OPEN(UNIT=50 7 TYPE='SCRATCH',INITIALSIZE=50r

OPEN(UNIT=51 ,TYPE= 'SCRATCH'1 INITIALSIZ'E=50,
& RECORDSIZE=30)

C
C Read ACTUATOR data
C

£ OPEN(UNIT'2O1 NAME= 'BACTUA.DAT',TYPE='OLD',ACCESS='SEGUENTIAL') 0
CI-OSE (UNIT=2Q)

4 C
C Read TEST STAGE data
C

OPEN(UNITw2OtNAME='BTSTST.DAT',TYPEE'OLD)',ACCESS='SEGUENTIAL')0e ~READ(20e*) (I 1TS( 1,1),TS(Zt I) I=1 ,NTS)
CLOSE(UNIT=20)

o C0
C Read INPUT data
C

OPEN(UNIT2ZONAME-'8ACKIN. 101 ',TYPE-'OLD',ACCESSw'SEGUENTIAL')
C
C SET AN OUTPUT DEVICE : Printer (P), File (FILE NAME)

* C A Terminal is NOT allowed bocaqte Plottirts
C

READ(20 1314) FNOUT
314 FORMAT(14AI)

OUTDEV =6
IF(FNOUT(1) .EG. 'P') GOTO 6

( ~OUTDEV=25
OPEN(UNITu25tTYPEm 'NEW 'rACCESSa 'SEQUENTIAL' iNAMEuFNOUTýERR-80Q)

Boo CONTINUE
TYPE *,' ERROR IN THE OUTPUT FILE NAME:'
TYPE 601 ,FNOUT#DAY

( J49-
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601 FORMAT(' FILE NAME: '1OA1s,60X,'DATE :/3A4)
it: STOP

8 CONTINUE
IF(OUTDEV .EG. 6) OPEN(UNIT=6,NAME='LP:',RECORDSIZE=132,
& ACCESS2 'SEQUENTIAL' ,FORM= 'FORMATTED' ,CARRIAGECONTROL= 'FORTRAN)

C
PLT=.FALSE.
READ(20,50) RESP

5o FORMAT(A1)
* ~IF(RESP .Ea. 'P') PLT=.TRUE.

C
HDC . FALSE.

* ~READ(20,50) RESP
IF(RESP .Ea. 'H') HDC=.TRUE.

o ~PLN=.FALSE.0
READ(201 50Y RESP
IF(RESP .Ea. 'P') PLN=.TRUE.

READ(20,*) XMN,XMXIYMN,YMX
READ(20,*) IPIVOT
READ(20,*) S7 EXP7 X2,X33

C
IF(PLT) CALL PLTHD
CALL WRTHD (OUTDEVrDAY)
CALL WRTFHT(50,DAY)
CALL WRTFHG(51,DAY)

C
C Read the actuator lensths to be Plotted
C

DO 1 I=1,NCAS
IF(.NOT. PLN) COTO 5

READ(20.*,END=900) IPC,XC,YC,PH
CALL PSTLEN (IPIVOT)
IF(Pl .GT. 6.) COTO I
IF(P2 .GT. 6.) COTO 1

( IF(P3 .GT. S.) COTO 1
GOTO 6

5 READ(20,*,END-900) IPCPL1 ,PLZPL3
6 CONTINUE

IF(IPC .NE. 8) GOTO 2
IF(PLT .AND. HOC) CALL HDCPY
IF( (.NOT. PLT) DOR. (PLT .AND. HDC) C OTO 30

CALL ALPH
IF(PLT AND. .NOT. HOC) ACCEPT 50.RESP

* CALL INITT
3 CONTINUE
C Check for the END of' UNITzZO
* READ(20,*,END-900)

BACKSPACE 20
IF(PLT) CALL PLTHD

fCALL DASH(OUTDEV,50,5I)
I21-1
COTO I

C
C Produce output for Plottina andS writing
C

& 2 CONTINUE
CALL KINCAL(IPIVOT)

V ~IF(PLT .AND. IPC.EQ.1) CALL PLTOUT(IPIVOT)
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CALL WRTOUT(OUTDEV. I)
~ C CALL FORCAL

CALL WRTFOR(50r5lrI)
1 CONTINUE
C
300 CONTINUE

CALL FORMFD (OUT DEY)
CALL DLIMPFL (OUTDEV 50)

C
CALL FORMFD(OUTDEV)
CALL DUtIPFL (OUTDEY 751)0

C
IF(QUTDEV .EG. 6) CLOSE(UNIT-6)

* ~CLOSE(UNITu20)
IF(OUTPEV .EG. 25) CLQSE(UNIT=25)

C

o ~END0



FUNCTION ANGL(COSA)
SINAx8QlRT( I.-COSA*COSA))
ANOLzATAN(SINA/COSA)
P~a4.*ATAN( 1.)

* ~IF(ANGL .LT. 0.) ANGL=PI+ANGL3
END

C
C

SUBROUTINE FORMFD(OUTDEV)
INTEGER OUTDEY
WRITE(OUTDEV,1.00) 12

100 FORMAT(' 'rAl)
END

-S2-



SUBROUTINE DASH(NOUTO,NOUT1 ,NOUT2)
WRITE(NOUT0O 100)
WRITE(NOUT1,101)
I4RITE(NOUT2, 102)

4 100 FORMAT(iX,88('-'))
101 FORt1AT(1X,82("-'))
102 FORMAT(lX,82('-'))

END



SUBROUTINE DUMPFL (OUTDEVrNU)
* ~INTEGER OUTDEV

DIMENSION A(30)

REWIND NU

DO 1 Ia12!500
READ(NU1 100rEND=S00) A

* ~WRITE{OUTDEVY200) A
1 CONTINUE
B0o CONTINUE

CLOSE(UNITaNU)
C
to0 FORMAT(30A4)
200 FORMAT(1X73OA4)

END



SUBROUTINE KINCAL(IPIVDT)

C
COMMON/LDFRM/ SrEXPrX2rX3
CaMMON/PL/ PLI. PL27 PL3
COMMON/TST/ NTSYTS(2r13,RS(2,13)
COMMON/GEOM/THi ,THZ7TH3vTHr
& Ul(2)1 U2(2)rU3(2)

C

Z. SINA(COSA)=SUIRT(l. -COSA*COSA)

PIs4.*ATAN(l.)
C

( C
C Kinematic relations for the 3 DOF test appartatus
C

EXBzO.
IF(IPIVOT .EQ.. 53) EXB=9.14
EXT=EXP+EXB
DI =PL1+EXT
D2=PLZ+EXT
D3 PL3+EXT
CTHI=(DI*D1 + XZ*XZ DZ*DZ)/(Z..*Di*X2)Q
THI=ANGL(CTHI)
Ut (1)=Dl*CTHI

Ut (2)=DI*SINIA(CTHI))

CTH2=(Di*CTHI-XZ)/D2o TH2=ANGL(CTH2)
C

DX=X3-X2
D=SGRT(DZ*D2 + DX*DX -2.*D2*DX*CTH2.,

CTH3P= (DX-DZ*CTHZ) /D
STH3P=SINA (CTH3P)o CTH3PP=(D*D + D3*D3 -S*S)/(2.*D*D3)

STH3PP=SINA(CTH3PP)
TH3=PI - (ANGL(CTH3P) + ANGL(CTH3PP))
U2( 1) X3-D3*(CTH3P*CTH3PP - S1YH3P*STH3PP) I

U2(2)=D3*(STH3P*CTH3PP + CTH3P*STH3PP)
C

o ~U3(l)=0.5*(Ul(i) + U2(1))0
U3(2)=O..5*(U1(2) + U2(2))
TH=ATAN( (UZ(Z)-Ui(Z)) /(U2(l)-U1(1))

C0
END

~~0



SUBROUTINE PLTHD
( c

COMMON/LDFRM/ SEXP1 X2rX3
COMMON/PLTWIN/ XMN ,XMX7 YMNI YMX

C
C
C Set up Plot area and type headinss

t C
CALL ERASE
CALL CURSOR(0..1 750..)
TYPE 100,SrEXPvX2#X3

100 FORMAT(40Xt 'ACTUATOR KINEMATIC STUDY'!
& 45X,'TEST STAGE LENGTH s'F5.2/
& 45X, 'EXTENSION DISTANCE='F5.2/
& 45X1 'POSITION OF ACT 02='F5.2/
& 45XrIPOSITION OF ACT #3='F5.2)
CALL CURSOR(0.7 750.)Q
TYPE 200

200 FORMAT(' MOOG AO-851/1 ACTUATOR')
CALL CURSOR(0.ri5.)

0TYPE 101
101 FORMAT(65X7 'WTE')

* b CCALL INITB0

C
C Draw the Actuator Model
C

CALL WIND(l.,-20.y5.,-2.r83.,0..5.25)
*CALL WINDBD

CALL PLTACT(51O,.0?.1.)
C
C Setup the drawins window
C

CALL WIND(6.25,XMN1 XMXYMNYMX7 O.,O.)
CALL WINDBD
CALL AXIS(1..)

C

END0



SUBROUTINE PLTOUT( IPX VOT)

C COMMON/LDFRM/ SEXPrX2 X3

COIIMON/PL/ PLi PL2 PL3
COMMON/TST/ NTSTS(27 13)7 RTS(27 13)
COMMON/GEOM/THI7 TH2rTH3rTH1
& U1(2)7 U2(2hIU3(Z)

C0
C Plot the actuators and the load Platten

* C FOR~M :CALL PLTACT(IPIVOTYXAYYATHYPLAM)3
C

CALL PLTACT(IPIVOT7O.7 O.rTH1rPL1r1.)
CALL PLTACT(IPIVOTPX2tO.1 TH27 PL23.i.)9
CALL PLTACT(IPIVOT7 X31O.1 TH3,PL37 -j.)

C
XA=U1 (1)0
YA=Ul(2)
CALL SCSDNSTRSI12S
CALL ROTATE(NTSYRTSYRTSli7 XAYYAYTH) (

0 CALL PLTTS
END
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SUBROUTINE WRTHD(OUTDEV 7 DAY)
INTEGER OUTDEV
DIMENSION DAY(3)

C
,,,* •COMMON/LDFRM/ SrEXPX2,X3 )

COMMON/TST/ NTSTS(2,13)rRTS(2,13)
C

£ C Write header to OUTDEV
C

NRRITE(OUTDEV, 300) DAY
* WRITE(OUTDEV,301) O.,O.,S,X2,0.,TS(2,13),X3,0.,EXP

WRITE(OUTDEV,302)
C

* 300 FORMAT(' KINEMATICS OF THE THREE ACTUATOR SYSTEM'20X'DATE " '3A4/qf
& - 4X' ACTUATOR: MOOG - A085 - 6 IN STROKE')

301 FORMAT(/5X' ACTUATOR PIVOT POSITION: ',ZOXrTEST STAGE'/
& IOX' ACTUATOR #1 ('F5.2','FS.2')'ZOX'LENGTH:'F8.3/
& lOX' ACTUATOR #2 ('F5.2','F5.2'"'2OX'HEIGHT:'F8.3/
& 10X' ACTUATOR #3 ('F5.2','FS..Z')'15Xo & 'ACTUATOR EXTENSION:'F8.3)

302 FORMAT(//' "I PL1 I PL2 I PL3 I',
&I REF PNT I THETA I STG POS I'/o& ' CASE I (IN) I (IN) I (IN) 1 r)
&t x I Y I (RAD) I Y I Y I'/
& -,-- ----------------------------- I.

------------ --------------------------------- ') 0
END

A A

C

q(
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SUBROUTINE WRTOUT(OUTDEVNC)
* C

LOGICAL*1 IPA(2),IFA-(2)
INTEGER OUTDEV

* C
7- COMMON/CONTRL/ IPC

COMMON/LDFRMd/ SrEXPrX2,X3
4 ~COKMQN/PL/ PLIYPLZI.PL3

COMMON/TST/ NTS2l),T(,3
COI*IDN/GEOM/TH1 7rHZ7TH3rTHr
& U1(2)tUZ(2),LJ3(2)
DATA IPA/' ''P'/

C
* C Write the calculated output data

C
XA=U1(1)

CALL SCLBOD(NTSTSrRTSr1,17 2~,S)
CALL. ROTATE(NTSWRTSrRTS7 .1,XA7 YA,,TH)

0 & WRITE(OUTDEV1 303) IPA(IPC+1)YNC1

& U3U.),U3(2)rTHTRTS(lr13),RTS(Z?13)o C0
303 FORMAT(2XAlIa'4' t','8(F8.4,1X'I'))

END



SUBROUTINE FORCAL

I ~COMMON/LDFRP?/S EXP1 EX2 EX3
COMMON/FORCES/X1 (3) .YI(3) 1X2(3) rY2(3) 1XR1(3) 7YRi (3) 1RMO(3),
& XlL(3)?YlL(3),X2L(3)?Y2L(3hX>RL(3)rYRL(3)

4 ~COMMON/GEOM/THI tTH2 7TH3,THrU1 (2) ,U2(2) rU3(2)
DIMENSION F1(3)rF2(3)rF3(3)

C
* ( C0

PI=4.*ATAN(1..)
SINO=SIN(TH)
COSO=COS(TH)

COSI=COS(THI)
SINZA=SIN( PI-THZ)

* 0 COSZA=COS(PI-THZ)
SIN3A=SIN(PI-TH3)
COS3A=COS (PI-TH3)0
Fl(1)=3300.
FZ( 1 )3300.
F3(1 )=3300.0
F (2)-3300.

F3(2)=-3300.

FZ(3)=330O.

* C ~F3(3)=-3300.(7
C
C

* C Resolution o'F input forces and reaction forces to slobal coordinato
C on the test stage.
C

DO 5 J=1,3
YI (J)=Fi (j )*SIN1+FZ(J)*SINZA
YZ(J)=FZ3( J)*SIN3A

o XI(J)=-FZ(J)*COSZA+Fl(J)*CDS1

XRI(J)--(X1(J)+X2(J))
C ~YRI(J)=-(YI(J)+YZ(J)) (
C Resolution of input forces and reaction forces to local coordinates

C on the test stase.
C 0

Y1L( J)=YI (J)*COS0-X1 (J)*SINO
Y2L( J)=Y2(J)*COSO-X2(J)*SINO1 ~XlL(J)=Y1 (J)*SIN0+XI(J)*COSO10 X2L(J)-Y2(J)*SINO+X2(J)*COSO0
YRL(J)-YR1(J)*COSO-XR1 (J)*SINO

*R(~YIJ*IN+R()CS
RMO(J)=(YIL(J)-YZL(J))*S/2-1.75*(XIL(J)+XZL(J))

C
* 5 CONTINUE

END
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SUBROUTINE WRTFHT(OUTDEV ,DAY)
INTEGER OUTDEV)
DIMENSION DAY(3)

C
COMMON/LDFRM/ S1EXPX27 X3 C
COMMON/TST/ NTSvTS(2r13)iRTS(2u'13)

C
* C Write header to OUTDEV, a scratch file

C WRITE(OUTDEV,300) DAY

WRITE(OUTDEY,301) O.,0.rS 1 X2,0.rTS(2,13),X3,0.,EXP
WRITE(OUTDEY,302)

C
300 FORMAT(' FORCES ON TEST STAGE (LOCAL COORDINATES)'ISX'DATE :'3A440

& 4X' ACTUATOR: MOOG - AOSS - 6IN STROKE')
301 FORMAT(/5X' ACTUATOR PIVOT POSITION: 'r20X,'TEST STAGE'/

& lox' ACTUATOR #1 ('F5.2','F5.2')'2oX'LENGTH:'FB.3/
& lOX' ACTUATOR #2 ('F5.2'1 'F5.2')'20X'HEIGHT:'FB..3/
& OXI 'ACTUATOR #3 ('F5.2'7 'F5.2')'15X
& 'ACTUATOR EXTENSION:'FB.3)

302 FORMAT(//' I FX1 I FYI I FXZ I',,
&' FY2 I FRX I FRY I MOMENT VI'
& ' CASE/DIR I (LBS) I (LBS) I (LBS) I',

0&' (LBS) I (LBS)- I (LBS) I (IN-LBS) I'/

* END

* 0 i

400
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SUBROUT INE WRTFH ( OUTDEVr~DAY)
INTEGER OUTDEV
DIMENSION DAY(3)

C
* ~COMMON/LDFRM/ SrEXPrXZX3)

C COMMON/TST/ NTS1 TS(Z,13),RTS(2#I3)

4 C Writ* header to OUTDEV, a scratch file
C

WRITE(OUTDEYr300) DAY
WRITE(OUTDEVr3O1) 0.u0tSXZ0O.,TS(Z,13),X3,.,EXP
WRITE(OUTDEVt302)

C
* 300 FORMAT(' FORCES ON TEST STAGE (GLOBAL COORDINATES)'

& 18X'DATE : 3A4/
& 4X1 ACTUATOR: MO00G - A085 - 6 IN STROKE')

301 FORMAT(/5X1 ACTUATOR PIVOT POSITION: '720X,1 TEST STAGE'/
& 1OX' ACTUATOR 01 ('F5.2','F5.2')'20X'LENGTH:'Fe.3/
& lOX' ACTUATOR #Z ('F5.2'.'F5.Z')'20X'HEIGHT:'FS.3/

o & 1OX' ACTUATOR #3 ('F5.2'1 'F5..2')'15X
& 'ACTUATOR EXTENSION: 'FB.3)

30Z FORMAT(//' I FX1 I FYI I FXZ I'?

o&' FY2 I FRX I FRY I MOMENT IV/
& 'CASE/DIR I (LBS) I (LBS) I (LBS) 1',

&' (LBS) I (LBS) I (LBS) I (IN-LBS) 1'V

END

If



SUBROUTINE WRTFOR(NOUTOYNOUTl 1NC)
LOGICAL*l A(3)
COMMON/FORCES/X1 (3) Y1 (3) ,X2(3) ,YZ(3) ,XRl (3) ,YRl (3) ,RMO(3),
& XlL(3),YIL(3)vX2L(3)vY2L(3),XRL(3)rYRL(3)

DATA A/ "V', H't 'M'/)

WRITE(NOUTO7 ZOO) NC,(A(I),X1L(I),YiL(I),X2L(I)rYZL(I)1
£& XRL(I),YRL(I),RMC(I)tI=1,3)

WRITE(NOUTI ,200) NC1 (A( I)1X1 (I) ,Yl (I) 1X2( I) Y2( I)t
& XRl( I) YRi (I) RMO( 1)12113)

zoo FORMAT(lX1 I4r2XAl' f'(FlXIhS1XI/
& 7XY Al' t,(Bll'' 1 911''

& 7X1  Al' 1 (611' )FlIX )

0 END
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SUBROUTINE PSTLEN (IPIVOT)
C

COMMON/LDFRM/SIEXPIX2,X3
.COMMON/PL/PLI ,PLZ, PL3
COMMON/COORD/XCt YCPHO
COMMON/CONTRL/ IPC

( C
C

P~z4.*ATAN(l.)
PH=PHO*PI/180.

C
C Calculations ofP iston lensths sivon Etas. Position and Anaie (PH).

*6C
C

R2=XC+S/2.*COS(PH)+1 .75*SIN( PH)

o ~Ri-XC-S/2.*COS(PH),1 .75*SIN(Pqý)0

PL1=SGRT( (Rl**2)+(S1**2))
PLZ=SGRT( (0(2-Ri ).**)+(Sl**2))
PL3=SGRr( ((X3-R2)**2)+(SZ**2))

EXB=O.
4 ~IFiPIYOT .EG. 53) EXB=S.14

EXT=EX P.EXB
PLI=PL 1-EXT
PL.Z=PL2-EXT
PL3=PL3-EXT

C
END

!7 0



APPENDIX B:

Each figure in Appendix 3 represents maximum/minimum positions for the
test stage at a specific angle. Included with each figure in the kinematic
dimensions along with the maximum local and global forces. and moments on the
test stage.

The contents of the Figures are as follows:

Figure Horizontal max/min position @ -100
Horizontal max/min position @ +10'
Horizontal max/min position -200
Horizontal max/i'in position fý +200
Horizontal max/min position @ -400

Horizontal max/min position @ +400
Horizontal max/min position @ -50°
Horizontal max/min position @ +500
Vertical max/min position @-100
Vertical max/min position @ +100
Vertical max/min position @ -200
Vertical max/min position @ +200
Vertical max/min position @ -4 00
Vertical max/min position @ +400
Vertical max/min position @ -500
Vertical max/min position @ +500

-ili ý
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KINEATICS OF THE lIRl ACTUAMOR STnC uai : Vu-uit -
SAC:n•T : HIM -MA - 6 IN Sum

ACTUm TO IW mIrruN: TEST sTAME
ACTIATOR #1 ( 0.00 0.00) L.EM: s.00
AT,_TOR #2 Woo. 1.00) IECIT: 1.70
ACTUATOR 3 (11.00, 0.00) ACTUATOIt ETu : 5.000

I FLt I K2 I I EFP" I TEIA S1 iFS I
CAS I I(IN)I (IN) IN) I I I Y I (l)I X I Y I I

P i 1 2.235I 5.9217 1 S.1345 1 3.351 1 15.M761-0.17451 3.7000•1 17.000m
P 21 5.1221 2.20I 1.221 14.4951 15.7 1 -0. 1745 14.000 1 17.6000 I

w 0

C

oo

* C

C 0

,)

oi)



(( • AM TM (m: ]olm )m ci : Nos - Am - I IrN I=(

liMO MoT FUiTxIM: TES SM( lMiO• it ( 0.0o, o.0o) iLWO: 6.oo
-AM 0T~l2 (12.00 0.0) NEIINH 1.73

OtiNll al Moil 0."iOO) "~lTo EMiN: i.00

I FXI I "YI I FXZ I Mt I FiX I Ml I MWT I
• /ASII I (LIS) I (LE) I (LIS) I (LIS) I (IS) I (IS) I (U•LISI I

lV 1-20-1 M-I31 -20-o1 U42.81 32CI 1-703.01 I14o41
N 1 182•.41 0.01 2420,7 1-2Z2.81-4ZT,21 130.81 2M1.9 1I
N 1-213.11 MOt.3 2420.7 1-2242.0 1 0.3 1-3347.3 242.4

2" Y I 73B.4 1 00.0 01 -. 9 I 1Z.3 -*.S -W7l.31 MiJIl
9 20.61, -20214 W.9 Il -3W.73 1-2754.5 13472.,1t 4126.01 •
N 1 731.41 IM.00 I W.3I -3227,3 I-1427.2 1 -. 7I2, Z38414.1I

C) 0ý



FORCM 0 IRT STAGE tIMAL. COMINAIE) UIh :03- -•'MlOR: NM - Mn - I IN STROK

A AMORu PIVO POSITIO: TEST $TAGE
ATUATO It 4.010.0 0 ) wum: Lnm
ACTUATOR 212.0, 0.09) HEIHT: 1.730

SACTUAT 0 (Il.00 0.00) AiCTiATM E NION: 5.000

I FXl I "YI I FXI I M• I MI I FIRY I NOW I

CMFAIR I (Les) I ILN) I MML5) I (LM) I (L.5) I MEII) I ill.i- ) I

"I V 1-1112.41 53.1 I-1994.5 2121.11 3106, 1-=5.I1 104.41
iiH f I9.11 f 51.1 1194.51 -201 -304.11 2237.1 20.91
N1 -1112.41 SIM.61 1354.5 1 -2129.1 1 -11. I -337.0 1 2420.4 1

2 V 1907.21 7.3 1 -11.01 3M.n1 -1M.21 -M.2 1 U1.51I
N 1 1991.1 -00.2 1 11.0 1 -3297.9 1 -2109.6 1 310.0 I 4121.0 I
I 1 1307.2 3097.3 1 118.0 1 -327. 1 -11M.2 1 -23 .4 1 23144,1

MEL

• 0

.• 0

( .)

( .

( ... )
__. .... :. . . . . ..*
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4- ACTUATOR: MOGO - A085 - 6 IN STROKE

ACTUATOR PIVOT POSITION: TEST STAGE )
ACTUATOR # ( 0.00, 0.00) LENGTH: 6.000
ACTUATOR #2 (12,00, 0.00) HEMGET: 1.750

( ACTUATOR #3 (18.00, 0.00) ACTUATOR EXTENSION: 5.000

PL1 . ..2 PL3 REFPNT THETA M STI I
CASE i (N' i (IN) I (IN) X I Y ! RA X

F 1 1 1.2238 5,0448 5.9410 i3.453S 115.87866 0.1745 i3.1500 f 17.8000
P 2• 3 2.47SS 1 2.M223 I 3,2337 f 9.303S I 15.8766 ! 0.1745 1 9.0000 1 17.6000 I
P 3 1 5.8485 I 1,2450 1 2.2800 I 15.903S i 15.8765 I 0.1745 1 15.6000 I 17.8000 1

* 0
* 0

o) o

* 0

IC

0 0

' ;)

N. 1
]f~ii -70.



ACTUATOR: MSOG - AM85 - 6 IN STROKE

ACTUATOR PIVOT POSITION: TEST STAOE
*- ACTUATOR #1 ( 0.00, 0,00) LENGTH: G.000

ACTUATOR #2 (12.00t 0.00) HE:GHT: 1,750
ACTUATOR #3 (18,00, 0.00) ACTLATOR EXTENSIN:. 5.000 )

FX' FYI i FX2 FY2 I FRX FRY i ENTT I
CAS.E/"R (LBS) (L05 (1LBS i (L-E (LBS) (LBS) (IN LBS! 1

i V -8!.1 6174.2 -1408.! 2184.5 2219.2 -1•58.8 13452.7 1
H 2167S, 264.8 i 1408.1 I -2S84.5 i -3575.S 1 2SS.7 3550.:
PI -811.1 1 6174.2 I 1408.1 1 -29B4.5 --56.9 I -3!89.7 26431.7 1

2 V I 1186.9 6032.! i -533.2 1 3256.S -653.7 S2-887 7182.4
H 2355.9 -463.5 533.2 -3256.5 -2889.1. 3720.2 3323.4
NM 86.9 1 8032.1 533.2 1 -3256.6 -1720.0 1 -2775.5 24856.2

3 V 1 3303.7 1 5323.3 I 742.! 3215.5 -4047.8 -8538.7 -760.2
* H 1 1750.7 -1093.2 -742.! -3215.5 -10!2.5 430.8. 4584.0 0

3305.7 5321,3 1 -742.1 I -3225.5 1 -2563.5 I -2:07.8 1,13OA.

o U

C 0

0 0

C ()

o( 0



IL 5 51RUk. (U.UURL- LUUNDIL5)
ACTUATOR: MOOG - A0B5 - 6 IN STROKE

ACTUATOR PIVOT POSITION: TEST STAGE
ACTUATOR 't ('0.00, 0.00) LENGTý 8.000
ACTUATOR #2 (12.00, 0.00) HIE:CUHT" !.750

.AT 0ATOR #2 (16.0, 0.001 ACTUATOR EXTENS:PN: 5.000

I FXI IFYI I FX2 1 FY2 FRX ; FRY ! C.ENT1
CASE/::R ' (L 5) (S) (LB5, (LBS) (LBS) I (LBS); 1(N-LBS,,

1 V f -1670.9 5939.6 i -1S04.9 1 2694.7 ; 3775.5 -8634.3 i 13452.7 1
F H 1 2005.5 656.9 I 1904.5 I -2694.7 i -3990.4 1 2037.8 I 350.1! 1

I -1870.S 1 5832.6 ! 1904.9 1 -2694.7 1 -34.0 1-3244.8 1 26431.?7
2 v 1 121.4 1 6146,6 -1050.6 ! 3114.8 ! 985.2 ! -9281.1 1 7!62.4 1

SH I 240n.5 F -47.4 1 10S0.6 1 -3!14.6 -3481.2 1 3182.0 .3323.4 1
121.4 6146.6! 1050. Z -3114.6 -:2:1.S 1 -3032', 24856.2

3 V I 233!.! 5816.4 I 172.5 1 3295.5 !-2503.5 -S::!,s -760.2
* H 1.923.8 -771.0 i -!72.5 1-32S5,5 I-!F'7*.3 406E.5 1 454.00

M 2331.1 i 581E.4 -!7Z.5 I-3295.5 -21.58.3 -2520.2 i 2=0C.1

0 _

o 0

( 0

C, 0

( 0

¢ 0

C 0

. A•
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KIIEMTICS OF THE cUW ACUATOR 91E1 0ATE: oa-m-iU(ACTUATO: HOO - AM - 13 FtM

ATUATfh PIYOT mITIm: TEST VT ,)
A CTUTOI #I ( 0.0, 0,0w LMI: 1.000
ACTUATOR #2 (12.00 0.00) HEIGlT: 1.750
AVOTIMOI 0 h(0.001 0.0)XVa* DMOMM.A.MU £xeS:.N0

I PLI I F I F3I IVFT I •IA I •M19 FOS
CME I (IN) I (IN) I (IN) I X IY () I X I T I

P I I L39 I .9409 I 4.4515 I 4.1015 I 15.9155 I -0.3491 1 4.7000 I 17.3000 I
p 2 1 5.60 1 2.90071 #.Et I 13.4015 1 15.53 1 -0.348114.1000 17.l@MWI

iC 4

0 0

ID

• 0

. 0

0

'1 )

[ )

L .74

SII

___



FaUcM 9 TOT UKMALE (301070 camum 03M"t: UI
I nlM: M - mm - IImSu

Amts FM IMlIT •lIM, MT STA
C tlIIMYW #I 1 0.001, L.OO) wU : 1.000

AC1M=U 2 (12.00, .0O) lElmr: 1.750
icio 03 Ui.0, M.oi 0n"rIM UWIl: w.e 0

I FlI I FYI I FX I M I FM I RY I WB I
CMAN I (LU) I ILN) I (LU) I (LI) I (lul I (LUS) 1Il ) I O

I V 1 -01.3I 5197.2 1 -2754.4 1317.1 I I.3 I -7014.7 1 2U.5 I
: 1 1717.61 117.21 274.4 1-117.I -4471.9 ( 10:4: 1061IN I-=IJh 1 197.2 1 7MA.1 -1l17.61 747.1 1-3Ml.8 I =Il.$I

2 V -700.91 6.11 -1487.7 l2.1 21.31-5170.71 1367.
H 2064.I 232.4 i 1487.7 1 -24.S I -3%2.G 1 2713.2 1 M16.9 I
N 1-700.61 IMi.1 1 1i7.1 -2M8,1 -M.2,1 -327.31, 3134.51

i C)

I o

• I)

0O 0

* 03

K )

I -•s-

- t " " " : _ _ . . -- .-: - -- - • " .• . • _ . _, ,. - . . , _ _ . ,. ... , _ l _ .: _ :



FOCES ON TEST RAME (LDE . CaAfLIIm DTE: B 3E41U--1)
ACTUATuR: S - AM - I IN SIIME

A1CTTOfh PIVOT POSITION": TT STAN.
CTUATOR #1 ( 0.00, 0.0) LI1TH: 6.000

ACTUATOR 92 (12.001 0.00) HEINT: 1.750
ACTUATOR #3 (11.001 0.00) ACTUATOR EXTBSION: 5.000

I FXI I FYI I FZ I FY2 I MI I IR I M1 I

CASEIIII I MLIS) I (IN) I (LIS) I (LIS) I (I,) I (Il) I (Xl-LE) I

1V -1512.1 1 *I.3 I -1956.6 1 20.0 I 3479.4 -731.3 I 2106.5 I
N H 200•. 1 0.0I 19 6.6 1-250.0 1-376.41 2150.0 1 10.3 1
N 1 -1512.3 1 01.3 I 1951.6 1 -20.0 I -43.91 -3431.3 I 22351.6 I

2 V 1 1470.8316009.3 1-350.6 1 M276.6B1-1090.2 1-66.II1 13M6.3 1o
S 14 2019.8 I -47.9 1 390.6 1 -276.8 1 -2410.41 374.7 I 3316.S I
N 1 1470.8 60.3 I 390.81 -372.3 I -131.3 -212.5 I 134.5 I

0 0

(. 0

o 0

o 0

)

S•-"78.. )S
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KINEW S O 'HE T REE ACTUATOR SYSTEMT 30--
ACTUA7.rR: MCC: - A085 - 6 IN VIRCKEE

ACTUATOR P :T7 N. TEST STAG .0EACTL•T, " ' 0,00, 0,O0) LENGTH: 6.000

ACUATOR #2 (12.00, 0.00) HE:OH': :.750
ACTUAYOR K. (18.00, 0.00) ALCU IAT.R EXTE.rS:(.; 5.000

?L!! PLZ P I R7 ,:ST THETA. T,
"CASE I (IN ; i UNX; i N; X , (RAD I X Y

P 1 0.8951 f 3.9528 5.0690 1 4.5985 15.5I"M ! 0.34E! 4.0000M 17.6000
P 2 2.2567 " 1,375c 3.7356 i 5.5955 I '5.555 0.34S: 5.0000 I 17.60Ji0*P 3 5.z743 1 0.8626 2.9783 1S.2.3 '5.S555 I 0.3,SI M57000 •'.S•:'.v I

0

0

0

io V

o 0

0 0

1@

( )

()

(.,
-78-
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FORCES ON TEST STAGE (LOCAL COORDINATES) DATE : 30-JUL-B1
•TUATOR: MOOG - A085 - 6 IN STRCKE

ACTUATOR PIVOT POS:'AYO: TEST STAGE
ACTUATCR $1 ( 0.00, 0.00) LENGTH: 5.000

4 ACTUATOR #2 (12.00, 0.00) HE:GHT: 1.750
ACTUATOR #3 (18.00, 0.00) AC7UATOR ExTNsICN: 5.000

FXI FX2 FY2 FRX FRY f MOENT
0 CASE/IR ' I (LBS) i (LBS) I (LBS B (SS) (IN-LBSJ I

SV 1 667.3 614Z.0 1 -662.2 1 1228.7 1 14.B -1.370.7 i 876.9
H 1 2306.i -250.3 682.2 1 -3228.7 1 -2990.3 3479.5 3700.8

M 1 667.3 6142.0 682.2 : -3228.7 1 -!34S.5 1 -2S!3.3 7Z57I.S t
2 V 1 235!.7 5556.5 1103.8 I 3288.4 -2455.'.7 -8S54,S :7,7.6

H •268.0 -942.5 -:03.8 -32S8.4 I -2164.2 424;.3 i 327E.1
2351.7 5655,5 -103.8 1 -32S8.4 1 -2247.9 1 -22..2 22S3!.I

- V i 43L4.8 45102. 1!32!.g 1 3020.2 -5674.7 . -7540.0 -543i.6
H 1486.2 I -1428.3 -1323S. ! -3020.2 -!57.0 i 444S.1 I 4457.B
S4344.6 45!S.S 1 -132SS i -3C20.2 -3014.9 -14:c.7 1.7344. w

1* 0

£o 0

I ,

h )

i( -79- )



F-rES ON TES' STAGE tGLCBAL4 COORDINATES) DATE : 30- 8'L-1
ACTNATOR: MOGG - A085 - 8 IN STRO.KC

AVLCAVR P:'0T PGc:MON: EST~
ACIT.-ATR t: ( 0,¢M 0.001, 3•E: 000A -T T•R K: ("0.00, 0.0)...-: ,..o"

ACTLAT2gi 53 (:8.01.A, v ' ATAT• : . ....

CASE/DuIR (LBS V.63 E) C 51S, (LBSJI a' US S I
S- - ----------------------

1 V! -1473.6 539.8 1 -1745.3 1 2800.7 1 3218.9 -8809.5 1 8765.8
H 1 2254.7 553.8 1745.3 -2800.7 1 -4000.0 2246.S 3700.2
M -:473.8 1 59.HEM 1745.3 -28C0.7 1 -271.7 7-3:57I -50.2

2 V Z75.2 t 611•.5 -103M.8 1 3:25.0 1 755.4 -E254.7 I 2777.7
1.. 7453.7 -1410. 1030.6 ! -3:323.0 .3484,3 3245.3 327S.!

1 275.2 6:19..P 1030.6 1 -3:35.0 -3005.7 1 -2864.3 2253:.: "
3 253, 57^ .33,3 216.7 322•.5 -27!7.6 -- .- ...

1.B86.0 -834.6 I -216.7 -3F.2.S -' 666.3 4:27.4 4497.E I
t 2521.91 3733.3 -2:6.7 ' 1-"cEMc -232".2 -2440.4 1734.00

-s

'y 0

o 0

( )

I( )
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KI, ATIC OF T• TE TMh ACTUATOR SYSIER WYE 03-A-.1
SACTUATO: M - Am-A 5INSTOOE

ACTUATOR PIVT POIT!I,: TEST STWK
ACTIUTOtR #1 ( 0.00, 0.00) LEMGTh: 6.000
ACTIUTOR 12 (12.00, 0.00) NElliW: 1.750

4 I1ACTUR #3 (18.00t 0.00) ACTUATOR DMI!1: 5.000

I LIq I FI2 I K I fPINIT I IMAI STSUPOS
CUE I (IN) I (IN) I (IN) I X I Y I (M) I X I Y I

P II 4.39M 1 5.9035 1 3.2351 1 5.87511l 11.21941O. 7.000011M 117.9000 I
*P 2 1 S.UB7I 4.3B71 1 O.U21 110.831 1 185.94 1-0.011I12.000 1 17.8W001

Cs 0

o O)

o 0

( O)

.)

.)

1%

I• - • .e• •• •e



* FORCES ON TEST STAGE (10CA. COORDINATES) DATE :03-AUG-Il
ACTUATOR: MOG - A0M5 - 6 IN STROKE

ACTUATOR PIVOT POSITION: TEST STAGE
ACTUATOR It ( 0.00, 0.00) LENGTH: 6.000
ACTUATOR 12 (12.00, 0.001' EIGHT: 1.750
ACTUATOR 13 (13.00, 0.00) ACTUATOR EXTNSION: 5.000

I FXI I FYI I FX2 I FY2 I FIX I FRY I MOMENT I
CASE/DIR I (LS) I (L1S) I (L1S) I (L1S) I (L1S) I (1LS) I (IN-LlS) I

1 V 1 -4590.7 4292.3 1 -3179.0 1 8.3 I 7759.7 I -5177.6 1 23800.3 I
H 1 1393.6 1 1497.3 1 3179.0 1 -9.3 1 -4572.7 I -602.0 1 -04.4 I
H 1 -4580.7 1 4292.3 1 3179.0 1 -1.3 I 1401.6 I -3406.9 1 17965.5 I

2 V 1 -3392.5 523.2 1 -2817.1 1 1718.7 I 6209.6 I -7001.9 1 21560.5 I
H 1 1711.8 1 1099.2 1 2817.11 -1718.7 I -4529.0 I 619.4 1 527.9 I
N 1 -3392.5 1 5293.2 1 2817.1 1 -1718.7 I 575.4 I -3564.6 1 22012.5 I

-83-



I0aLUHILE.Iu -m b- 0 13 n IMURL

ACTATOR IVOT POSITION: TEST STAE
MACTTIOR #1 ( 0.00, 0.00) LENT": 6.000
ACITUATR 2 (12.00, 0.00) IEIJNT: 1.750
ACTUATR 13 (13.40, 0.00) ACTUATOR EXTEN1ION: 5.000

I FXI I FYI I FX2 I FY2 I F:IX I FRY I NMTIBI

CASEM/Ill I (LS) I (LIS) I (Lol) I MM) I (LBS) I (LIS) I (IN-M) I

I V 1 -750.0 1 62.24 1 -1062 12721.6 1 2616.2 1 -W.54,1 2300.31
N 1 2023.61 243.51 1316.2 -2721.6 -38N.8 1 247.11 -304.4 1
N 1 -750.0 1232.4 1 IN1 .2 -2721.6 I -111.62 I -310.8 I 179.5 1

2 V 717.2 1 7.8 I-105.3I 3127.41 236.11 -W3 .21 215M0.51
• H1 2017.3 1 -251.3 1 1053.3 1 -3127.4 1 -3071.2 1 3395.7 1 27.9 1

II 757.2 6227.8 1033.3 1 -3127.4 1 -1850.5 1 -3100.4 1 22012.5 1

C 2)

r' o

o 0)

* 0

o. 0

0- 0
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KINE•r"^•S C; THE THREE ACTUATOR SYSTE% DPATE 30-!"; B'6
*AZVTjATOR: MZ'1O - AGM5 - 6 IN STRIKEE

ACTUATCR PIVOT POS!TIGN: TEST STAGE
ACTUATOR #: (0 , 00 0.00; LtENG-: 6.000
ACTwATCR #2 UZ.0'> 0.001 4E'3HT: 1.750
ACTUATOR #3 (18.00? 0.Q0, ACTLA^ 2 IE^ SSIN 5.000

i PL PL2 I P'3 i REF PNT IT ETA I STOPCS
CASEE (IN) I (IN) I (IN) i X I Y I (RAD)i X Y 0

P 11 0.982f 1 t.8861 r 5.9687 7.1249 16.2594 1 0.8981 1 6.0000 17.8000
FP 2 2.18K9 0.7863 1 4,8536 i 10.1249 :,254 1 0..881 M0000 1 M7.....
P 3 3.2:0 0.2390 4.22,94 1 13,124S !6.2594 i 12.0000 %;,%.

-8 0

* 0

( 0

S~0

( 0

C 0

* 0

))

!,( -87- )
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FORCES ON TEST STAGE (LOCAL COORDINATES) DATE : 30-.:'-E:

* ACTUATCR: MOOG - AO85 - 6 IN STRCKE

ACTUATOR •.."T PCSIT:ON: TEST -TA:
* ACTUATCR # ( 0.00, 0.00) NG1TH: a,0IV

ACTUATOR #2 2,.,0 0 oE:9.T: :,.00
ACTUATOR #K U8.,O, 0,00 4TLACR 0XTENS:0N: 9,CO

y FXIr FYZ X FRY .C ..
S:•SE::: " {,S= C" (AS; U(LBS) " ..B: (5; :C

': V 582.5 4SE.7 840.3 it':.7 -442:.2 -!SE.E -2527.5
* 235:•O..B -:4S5L4 -84C.3 -3:5:.? -:Z...54: 622.5 S7.

25S2.5 i 428,7 -840.3 -3!E::. -2742.2 -:737.5 :M.E
. 4L,: 4222.: ., :5.5' -10 ?--.7 ... -7.. .. - ..

*743,3 -::.2 -1225.2 -2C.7 -45I.5 4857.3 K22.2

4401.2 422:.: -:26S.5 -3035.7 -3::2, -:: . .6325..

3 524.2 343t.: 1745. M2Cr.! -52SE.; -S3:.z -:Q.0.7

* :130M5. -!3.: -.7435. -z2O0.s 437.: 74.7 33C.:

!.'T4.2 3413X0v -'745.S -Zc. 3723 -!. 2752.:

4p

09

e 9
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FORCES ON TEST STAGE (GLO8•AL COORDINATES) DATE 30-AUL-61I
( AZThATOR: MOOG - A085 - 6 IN STRGKE

ACT•1ATO• PVT POS1:ION: TEST S'AGE
( AC•UATPC #! ( 0.00, 0.00) LENTi: 6.000

ACV.A.OR #2 (12.00, 0.00) HE:GHT: !.750
ACT•T•.R #3 (:8.00, 0.00) AC""ATOR XEN9:O*: 5.000

FX! FYI 1 FXZ FY2 FRX ! FRY I M!-Ek-t
S CS-/D:R (LBS; (LBS) (LOS) ! (LBS (LOS) (-S) ':N-LBS)

I V -423.8 16078.4 -1407.6 1 2984.6 1 1831.3 1 -3063.1 1 -2527.5 I
9 H 2530.4 1 178.4 1 1407.6 1 -2384.8 ! -3937.5 ! 2B68.3 1 2979.5 9

P -423.8 1 6076.4 ; 1407.6 1 -2984.8 { -983.8 t -30E.6 I 1560.2
2 V 659.1 I 6064.6 f -967.4 ! 3155.0 308.3 1 -S2,18. -6407.5

O H i 2504.4 ! -Z72.2 567.4 1 -3155.0 I -3471.8 ! 3427.2 2962.3 1
K ; 659.1 1 6064.6 S67.4 ! -3!q3.' -!626.5 1-290S.6 1632S.!

3 V 171M . 5922.! 1 -462.9 1 3267.4 1 -. 2Th/,0 -918S.4 -110130.7
* = 2256.5 1 -655.E 462.9 -3257.4 -272:.4 392.3 33CM. " 0
!5 171.S 5922.1 i 462.9 -3267.4 -Z!82.-4 -334.7 '2792,0

-0 0

(

*p 0

* 0

o 0
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*IINEMTICS OF THE THE AlMATI MTN7 DATE :03-iiG~i

AMAram FP1QT FMIINs: TEST STAII
KTUATUR ft1 0.00w 0.90) LEmT: 6.000

C AIMATM 12 (12.0of 0.00) NE[Glf: 1.75o
AMAITOR 13 (13.0, 0.00) ACTIMIU wait: 5.000

1 KI ncuI F2IK3I mi XI YIID THTAI ls I

F 115.M701 I LM I200 .~7MI L.IM 11.4751 -0.U7ZI L *20117MOM 1
F 11 5.9777 SIMI 13I 51UL15I03271.011.00



RFcES ON TEST STAB (10CM COORINMTEW an : o-Au-im
ACUTITM: lWO - AI - INSTM E

ATUATOI PIYOT POSITION: TEST STAGE
-CTUATUR I1 ( 0.0o0 0.00) LEMIT: 6.000

t dTIMTTM 92 (12.00, 0.00) HEIWT: 1.750
AC1MTOl 03 (18.00, 0.00) AtCTUATOR ETNSION: 5.000

I F•1 I FYI I FX2 I FY2 I FRX I FRY I NOW I
CASE/DI (I (LBS) I ( IS) I (LBS)) (LI5)I (I.) I (LOS) I(IN-IJS) I

I Y 1 -"13.4 1 370.1 I -3275.5 1 401.3 1 294.9 1 -4199.4 1 2476.7 1
* 1 :207.1 1 1519.5 3275.5 1 -401.3 -4482.7 1 -1190.3 -1342.4 1

* N 1-5019.41 37M.1 13X75.51 -401.3 1 1743.9 1 -339M.9 1 15619.9 0
2 Y 1 -4569.0 4321.6 1 -3201.9 1 790.8 7770.1 -5120.31 24167.3 1
H 1 1375.6 1 144.8 1 3201.9 1 -71.891 -4577.7 "1- .8 1 -1250.91
N I -M.0I1 4321.6 1 3201.391-791.81 1367.1 1-3=Z.8 1 17M.4 I

0 0-

* S

o 3

0

0 0

- @ e
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( FORMc ON TEST STAGE (GLOBA COORINATES) DATE 03o-m-eI

ACTUATOR: MM M - 6IN STb OKE
ACTUATOR PIVOT UOSlTI0N: TEST STAGE

CTIiATOR #1 ( 0.00, 0.0) LENGTH: 6.000
ACTUATORi 2 (12.00, 0.00) EIHwT: 1.7aO0
XT1MTOR 03 (11.00, 0.00) IACTUTOR EXTENSION: 5.000

(
I FXI I FYI I F12 I M I F I FRY I flINT I

CASE/IIR I (118S) I (LIS) I (LI1) I (1M8) I (LOS) I (L3S) I 1I-ULOS) I

I Y 1 -324.5 230.1 1 -176.1 I 2767.1 2122.6 1 -9047.2 1 2467.7 I
H 1 2001.21 103.4 1 179.11 -2767.1 1-379.31 263.71 -1342.4 1
SII -324.5 1 6230.1 1 1719.11 -2767.11 -1473.5 1 -X12.9 1 1319.9 1

2 Y 1 373.7 277.9 1 -1446.2 1 2966.2 1 1072.8 1 -9244.1 1 24167.3 1
H 1 1339.6 1 -119.0 1 1446.2 1-2966.2 1-3444.9 1 30.21 -1250.9 1
KI I 373.7 I 62.3 1 1446.2 1 -2366.2 1 -1919.9 1 -3311.7 1 177.4 I

*9 0

* 0
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C7 TE -R7-AM~ATCR SYSEv
" :.T.•,•:~C0 - AG85 - 6 IN STRCrý;

AC~~~jAT:R~~ :,T ST: TST STACE
Al".%A;ý.R f!( 0.00, 0.vl;3¢C
A AT77 #2 (!.00,, 0.00 ... . 7 5;

Ac'•AV.. #3 :8.00OO 0.00)AC T EXTNS5:NX 5,000

:AHZ (:Nt • , (yN X (RA-I X Y

Si 1.3323 0.S22- 5.S777 8.8403 :8,47s 0,8727 7,5000 :7,5000
2 2,344c 0.483S 5.4886 10.3403 :6.4751 1 0.8727 "S.3000 :7.60(C

* p 5,75'3 1 .07B7 4.9083 '2.S2r:: 6,475. C.8717 3.5On 7.3,: A

c. 0

*0 0

oI

* 0 {

F0
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A7T7C': ý.CG - AC8K - E !N STRiE 
)

..... ST::: TEST ST•42
ATT *(0.00, M.CI LENZM S. ocl!)

A A 4.',, 00,OC. •EK: .75C
7;:•: K: (!E.00, 0.00) : TR XESC: ,0.

0

• .3 I ° S ( .3 ~ ... .... ....

L84,? 3545.2 • 1555 ! 252.: -5461.3 -E!37.3 -SC23.,

Ms^ -2n05.G -15ss. 6 -2389.1 57.z 4S3M.7 I M
* 4964.7 364E.• -15ES.5 1 -32S. -?.. :_7E2,.

2 518S.8 7. S 179B.5 275T.E -658S5,3 -H-77.7 -8.

A 25.2 -2:42Z: -!755.5 -273M.5 472.3 4.E.2 27:C.v,
-C" w 5:5.5 32::.8 -:758.5 -275S. -2325.5 -447. 2 Z

V 5Sr5, 2747,4 213:.q :7ss.2 -776.7, -4E52.5 -:2E47_9
273-':4 -23:.5 -25'E.2 ".02.7 455.3, 3: 2 2

C• 5 Z55.: 2&47.4 -2:2:.5 3 -25:.2 -3533.5 7..E 5733..'

o 0

* 0

0 0

£ 0

e 0

I . , -97- )



.--S ON 7ES7 STAGE- (3-CBL COGDNNOTES) N7.:3-~-
ACTIATC-3: KOCn - A085 - 6 .N* SNhOKE)

A.!'.6C? F:YCT7 P'zS!71: IEST A2
AMTTCR #* (C 0,00, 0.00) T C

i ~~~~~~ 1•.TR# .... ... A:':-AT7ý "X•\E:N';•• ,

&0
;X2 r"7

(_!::R 's; (LBS C25; (AS, C2S: H _SS (:.N-S3

V 33:.5 1 6072.3 -:-66. 3075.5 854. -!15!.7 _SC22 C

25S,.S -!39.9 I 11MS. -3075.5 -3)47.: 32'E.3 26.:.O
33. •1 1 6072.2 :!aS.I . -T-7-.5 -1517.7 -212.0A 132S2.

S 8..74.4 37.: .- 963.5 2:55-2 85.: -I:53.3 -. ,.

"" 2491.z -36:.2 253.5 -::56.2 -3457.: .35:7.4 27^0.C
874,4 6037, . 3 -3"56,2 -837.2 -2.,

• 2255. -675.2 55S.7 -2252.: -2525." 3927.5 21:3z.2C . :.73..4 5SC5..4 55=5,7 -2252".2 -22's,"•. Z.]2 B•

C' 0

(

.0

~.9

•.-. .
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INlIMTICS OF THE THE AC TORI I MS : 03-I-41
ACTUATIO: uOM - A - 6 IN SUIM

"i11MTOO PIYOT POSITION: TEST STAE
ACTMTO1R 1 ( 0.00, 0.00) LowT: 6.000
ACTUATOR 02 (12.0, 0.00) HEIGHT: 1.7I0
ACUATOR #3 (18.00, 0.00) ACTUAO1R EXIMION: 5.000

0
I FL1 I PL2 I IF3 I REFMT I TETA I TEPOS I

CAS I (N) 1 (IM) I (IN) I X I Y I (I) I X I Y I

f 1 1 :.M20 1 S.: 9 I 4.3395 I 8.6961 I115M i -0.17I5 I MW0 120.3000 1
P 1 1 0.7123 1 0.513 1 0.0131 1 B.69 1 I13.1766 1 -0.1743 1 $.00 1 14.3M0 1

o 00
Q" 0

0 0

C 0

o 0

* f)

*+

)



FM ON TUT STRe (WAi. C IMMIU) DT[E 1•-M-l
ACTlMTW: W - do - Ii aSmII(

KUlMTM PIVOT POITIM: TEST srm
CIMTU 911 (0.00, 0.0) LBET: 1.000
CUiiTORI a (12.0, 0.001 H1E1f: 1.790

IC TUIN 13 (11.00, 0.001 ATCnMTO WNWIS1II 3.010

I FXI I FYI I F'X2 I F'yz I FM( I Fgy I MW I
CAE.3IIR I (LIS) I (LLS) I (1IS) I (LIS) I (LIS) I (LI3) I (ZN-LU) I

1 V 1 -116i.71 61P7.1 1 -1611.7 1 2973.7 1 27M.4 -9062.1 1413.7 I
N I 1843M.1 317.41 1U11.7 -2 7 1 -3AN2.2 30%1.31 34M.5 I
N 1I -1169,71 I17.1 1 1618.7 1 -23. 7 1 -449.1 -3311.3 2402.3 I

2 V I -114.S I MG-S,1 -15•.3 1 2647.1 1 3113.4 -M4.3 1 15314.7 1
N I 2 e.6I M0.91 1I.3i -M47.8I -,Mn.Z 2146.31 1450.110 N -1143..1 30-.3 1530.31 - 7.81 -40.71 -3•Z.71 2408.11 .

* o

0 0

® 0



F IICEl TOST STME fLM. 1BIJJTES) JAN : 03-4&91
CUMTM: I=01a i Am II l la

IATNIO PROT PraTH: TEST 5TlE
OWIt I 0.A, 0.01) L9Th: 6.000

AC.IMTOR 2 (12.00t 0.04) lEIIT: i.750
lT011 #3 (11.00t 0.00) MAMTOl Dmi ck: 3.00

I FXI I FYI I I l I FRX I FRY 1 0 I
Clawle I (Los) I (LoS) I (Los) I (LUS) I (LIS) I (LIS) I (II-.ISI I

1 V 1 -77.5 I1 1.2 1 -1M.3 I 3113.1 1 1172.3 I -M0.3 1413.71
N 1 1977.8 1 24.3 1 1054.1I -3113.1 1-3072.5 1 30=8.1 3405.5

*N -77.51 M.2 1 I0.5 1 -3117.1 1 -1017.2 1 -3133.1 1 24.5 I
2 V1 -M.61 6M.01-1479.81 24.1I 1M. 5I-M.6 15314.71

H 1 2947.11 41.3 1 073.I 1-25M.61-4127.01 27.71 140.1 1
N 1 -. 6S I0.0 1 1475.8 1 -zs.6 I -13M.z 1 -38.4 1 243M.1 1

o 0

* 0

1 0

o: 0

4(1 0

o0

ill -9
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•: EY T CS SF T E •'ý-;H AC .•JAT R SYS7 ! DA'-- -E

RA:-ATc?: :::- AZ85 - 6 •S SRKE

• :; ."V: ;So Sl•:F

A! LA.2 C 2 , w00, C. CC E.•; . :! 7;0

ACT .ATCR #3 ('E,00 , M CI Ac.-.0T:;c SX TZ.X!::N'

._ "- N .4 T;E-4 S:.2 PS•GS ( : ) ' ( ,) ! I} ; X ' v • .,RA .Z X Y

P .. 5.!983 M R . 7 . 5.ME5 H - 5.2 ,3, 18,776. ! 0.1745 SOO0 0 2 5. .C

" . '• -7 O .28E•7 1 °•7.ZE7 ' S .303 S . ' ''77•S i C.:7 45 E.C 000 ! M5.

o 
0

o 0

... )

( -1'4

-- •'-T'•.•-•- 
. ,+' :.;• .. '.• !~~ *..+ . • .?• •• , •,.""" ••+,"+.<+, : ," "'



FCKES OX 'ES' STAGE (LOCAL COGRfl:,ATES) fATE WE -. U-s:
(. AcTL!A:CR'- "R: •-AM5 - 5 IN ShRC.E

AC%'A"! ':V" PCS17::'ý: TEz_ SFAH
CACTU~.O # 0.00, 0.AC) .E

A 74C. OR #2 M.2.C O.O : 4E2.-. .. 75.

1iTCF. E31 0 .o0* 4ZA:7' .471 SN 5. nn

d Xl f"V, FX2 FY:' : FRX Qv w,.w-
:AS-;/:?. IS) (LSS 3; (LBS. (L5; U

1 V 1 15.3 G:5.2 -377.5 3278.31 -8!7, -942-." 7!SS .7
4 2022.3 -]92.7 377.E -327e.3 -2. 367!. 447.0
" ! IS5.1 M5.2 377.3 -327E.3 1-'57372. 2.8..2

. 172.5 5eS3.5 77 -679.3 322S. . -494.2 -2127 -.
7E.' -530.5 67S.3 -322S.2 -347 37SC. 27 - 2237.3

::73.5 5E-7.7? 675. 3 .. -1852.2. -2S.4 24.. 22.3

0 0

-lo5

0 0

0 0

• ()

( )

( )

( -10O5-)



CTUA ~ ~~ h2-B-! STROKE

.4c-:.r: C ,c-C CS,:TICN: TEE' S'P3.
( AC~~tr? 9! C C'.COI 0.00) .r- 3OC

1~.": 2 (12.00, 0.001,'% : ',5
A '.3. . !.E. V C.•..' 0.• C,.•

;', v, FXZ ;--7,- - - - - -- --- - - --.- --

;;5 L . . r ; v r

(23..S/Z ' {.;; (LBS) (29S) ! (L.E) (LBS, (LEE: . "(N-EE

, . -- ..- ? T .3 -2-:}

"".�S7-33 . .-- 242.3.

K; 0

A4,

C'

C )

(,I406-
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(INEHATICS OF THE TME ACTUATOR STE MTE: 03-M-1
ACUATiOR: NO - 40 - I IN STRIKE

ACTUATO PIVOUT POSITIMf: TES STAGE
ACTUATOR #I ( 0.00, 0.00) I.WTH: 6.000
ACUATOR 9Z (12.00t 0,00) HEIGHT: 1.750
ACTUATOR 3 (1.00, 0.00) ACTUATOR EXTESIOlC: 5.000

I I LI I I I IV EFWT I INETA I MsTO I
CASE I (INIIN) I (IN) I X I Y I (W) I X I Y I
P 1 1 5.7414 1 5Mh I 4.1M I 1.4015 I OL= I-0.3491 1 3.0000 1 1.0 •I0001

P 2 I 1.3103 I 1.111 I 0.0161 I 8.015 I 13.41 I -0.3451 i 9.0000 1 15.1000 I

*

* 0

S~0

S~0

0 0

o 0

*

*



( FOIRCS ON TEST STAGE (LOC. ALCONIATES) : 03-.ie-e!
ACUjATOR: NO - AM - I IN STRIKE

ACTUATOR PIVOT POlSITION: TEST STAG
XTUATOE #1 ( 0.00, 0.00) LamEI : 6.000
ACTUATOR 92 (12.00, 0.00) HEIGHT: 1.7.4

C ACTUATOE 03 (18.00, 0.00) ACTUATOR EXTENSION: .6000

I. FXI IFYI F2IFJ F Y IFIX IFRY INOW I
CSMEID I (LS) (LAS) I (LBS) I (LOS) I (US) I (LBS) I (1-LS)I

I 1 -2270.31 M1.8 -Z15.6 1 2463.61 4486.31 -M3 .2 10043.11
H 1 1845.8 1 713.7 1 215.61 -2463.6 -4041.3 1 1748.9 1 2438.7 1
M 1 -2270.9 1 5n2.61 213.61 -2463.6 1 75.3 1 -3408.9 1 23140.3 1

( 2 V -222.0 577.21 -2475.7 1 2181.9 1 4701.7 1 -7153.1 18713.9 I
H 2350.5 I 921.6 1 2475.7 1-2181.9 -482.2 1 1260.31 04.7 1
N I -223.0 1 37.2 1 2475.7 1 -2181.3 1 -249.7 1 -2485.3 1 23140.4 I

I 0

1. 0

1109

o 7

ii )

4,-



( FRCES ON TEST STAGE W.L COODIMTES) CATE: 03-AUI.-6
ICTUATOR: NO - A005 - 6 IN STN (E

ACTUATOR PIVOT POSITION: TEST STAGE
ACTUAwT f1 ( 0.00, 0.00) LENGTH: 6.0O0
AfCTUATOR 32 (12.00, 0.00) HEIMIT: 1.750
ACTUATOR #3 (18.00, 0.00) ACTUATOR EXTENSION: 5.000

( I FXI I FYI I FXZ I FM I R X I FRY IEN T I
CASE/DIRI (1B5) I (Los) (U1S) I (LSJ I (1.3) I (LBS) I (IN- ) I

* 1 Q 1 -125.41 6M.1 -1220.6 3006.01 1343.9 -9361.1 18043.11
H 1978.8 1 39.4 1 1220.6 1 -3068.0 1 -3199.1 1 303.6 1 2459.7 1
(N 1-123.4 162S .1 11220.61 -3066.0 -109.2 1-3229.1 125140.31
V2 VI -150.11 6096.2 -130.2 1I 7.1 1 1730.2 -893.2 18713.9 I
N 1 2524.01 62.1 1I1M.2 1-297.1 1-4104.1 1 20.01 664.71
N I -150.1 6086.2 1 1590.2 1 -2997.1 1 -1430.1 1 -3189.11 23140.41

C 0

(.

( 0

l• 0

o 0

je 0

( ii.

..- 110•- )



w4

%DS(4O

J~

DUAL

00A4i

a,

(1 WU

L -at-
I~~ ~ COL-----,-~~---*--,--.--~ 

~ -*.~



K,:.E!.'!rZ.g .;" 7-•-:"-Pr-E AC.UATC.R SYSTFý,3(T 0-)LB

ACTUATC•: A3 - AZ5 - 6 IF STROKE

A•AT. P:C PCS:T::: S
(Aý' c. U~ ( t.00, 0.00) LEGT .XC

Ar.-'AM #2 ,.2,00, C,,OV, .,75'

AC! 4...C #2..., O.COA ATr ExE\3N: 5.23

.Pill R PhT THE:A STf D:5

! (N S N (;) i (I..N) X Y (RAD X Y y

P 4.37531 3,B860 5.334 . .585 !e.2555! 0.34S:! S.0.¢0 !S.E0W
* 2. 0.X:45 0.17n 2.24•-2'1 9.SS• '4.3555 1 C.34. ,00

012

*0 C.

o 0

* e

)

(i



CS 7S -S AH 8 -OA 6 j:.AiN j DA7YE

', A 1 XX., O,.00 _:TW: s.c..
A^ #2 K .:.00, .,, .

FX : X2F FRI*'
( L.' S; (• B .) (LBS) , (LBS) Lis, (.N-..sR

V 2236.7 5767.4 22!.8 32E2.5 -2589.4 -605S.S ?S94,
* H 2004.s -622.7 -22:.9 -32S2.5 -:7S3.0 41!5.2 1

"2236.7 3757.4 -22'.E -2292.5 -2:43,E -2474.S .23122

H 24: .. -:^45.7 -3.0 -3300,0 -2426.7 434S.7 2404.7
M2 233.1E 5595.4 --. Z -330... -2226.2 -25.4 N2475.7

So0

* 0

0 0

@ I)

C



t. m-... _ - •,, .-. ... . .

. A TEST 574E (GLG•A COa.RNNATES) DA -
( A:~: ?•.,•::.3 - AC95 - 6 :. S:.E

XZTA7. , :,A czs:2ON: 7E." S'A-H
A,.r.'A : IH ( .,00, 0.M OI ..

A:- " #" t'.2.00, O. } C.C :.75,
A T" ,' (:E2, "" c: AT,.AT.. "XT '.-: 5,RIC ,'

• :': . : 2 : 2 •'. f>. ' F Y , • -y4 :AE:: (ZB.S) ' (..3S; (LBS) (L3S} C Z2.S• (LE.,S" (:,N-LSS) 0

V Z51.4 522E.0 -917.7 3!SE. " 665.4 -s2?8,5 2E'-..
H .. .. ,2 -87.4 E17,7 -365,,E -n3' .0 32 .72 425E.2

* ...:.5' -" ; ' •=.. .~. "2. E. 22 2..•,
¥ : .S' SC:4.2 U•:,25.S -3•C2.O -, ,. , -Z.:2.. 22L7.7.'

o 0

o o
2: 6' :2

1 5

i. ()

( •

( ,3:L4..
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t KIMO3TICS w THE MifAculm ~TMTM BANa M : a-AiI-u

C MATOR PIVO rsITNs: TEST SrAK1~ WTUATOR It ( 0.00. 0.00) iMR: 6.000
AMTRM 02 (12.00, 0.00) IEIwfr: 1.750
AMTIM1 03 (11.00. 0.00) ACTMTIM eMNsm: 5.000

~~II PIl I R12, I FU I off mu I THETA I 51110 I
CASE I(IN) I(IN)1(N)I1 X I Y I (W)I X IT I

~f 5*71 3 LMI Z.Ml7AI __LS I M I 1 .00001I2.5W001
P 21 L .1 4.11 taii .=37 1 71115.WI-M 19.0000I16.500I

-116-



FMIB[S WI MYST ATG (LOCAL I:]1MTES) WE: 03-UMI'
ACAiTS: NU - AM - 6 IN IE

| TUTMT~ PIVOT POSITIMiI9 TEST1 STAGE

wCnUATM 01 ( 0.00, 0.00) LwiM: 6.000
ACUT01T 92 (12.00, 0.0) HEIINT: 1.750

4 Wi1l1E 93 (11.001 0.00) AcwIET EXTENSION: 5.000

Clu1UAI I (LIS) I (LI.) I (UIlS) I (LAS) I (Las) I (LOS) I (1i-LBS) I

1 9 I -4143.8 1 4740.8 1 -3042.1 1279.0 1 7185.9 -6019.8 I 220.1 I
H 1 148.5 1 1302.0 1 3042.1 1 -1279.0 1 -4M1.G 1 -23.0 1 -17.6 I
M 1 -4143.8 1 4740.8 1 3042.1 1-1273.0 1101.71 -3461.9 1 19967.3 I

4 2 Y 1 -4107.21 461.3 1 -3112.3 1083.8 1 7220.0 -377.1 I 2331.4 I
H I 1142.8 141.4 1 3112.9 1 -1095.8 1 -47".6 1 -345.6 1 -710.8 I
N 1 -4107.2 14681.3 1 3112.8 1 -10.8 1 84.4 1 -3W.5 1 19071.5 I

(C 0

(

c

C 0

C,. 0

0* 0

0

1 , 3mqq• 11Wq~mq~, ,t



MM ON MTSTA (UM , u M. OES caonuew : 0a-.N-ui• i( •mACMTW MMr - AM - 6 X M.W

C ~A~M1U PIVOT PUMzn: lETST sr
ATMTOR #1 ( Moto t.WN uii0-T: 6.000
ACMJTMI 02 (12.00, 0.03) .. Ia : 1.750

WUMTUl 3 (1.00, O.U ACTUATM WMExSOIu: 5.000

I FX I FYI I F'X2 I FY ! FR X FRY I N IaT
JII (LOS)) I (185 I (US) l (185) I (Les) (LO) I (1i1-1.M) I

9 1vI -127.01 6M21.Z -5M6.3 1 2035.11 10.2 1 -S0.4 1 220.8 1
SI I!•3 1 39.93 15 I.3 i -Zl3.1I -3".21 29;.31 -137.61

SI -127.0 1295.21 l5o.31-203.1: -13M.3 1-33W.1 1 I987.31
2 Y 1• -137.21 6M2.l -160o.11 2840.31 1l17.41 -9W.41 23391.4 I

I I 219.0 I 416.2 1 1680.1 1 -2840.3 1 -30. 1I 2792.1I -710.8 1
N I -137.2 1 A.1 I 100.1 -28•.3 1 -1542.9 1 -3385.9 1 19071.51

W 4P

o 0

0 C)

o• •

!) )

{)

( -)
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£IIATICS OF TIE TWE ATUITOR MTEM BAE : 03-AUHI
ACTUATOR: NOM0 - AD - 6 IN $TIME

ATIMTOR PIVOT POSITION: TEST STAGE
( CTUATOR #1 ( 0.00, 0.0) LENm: L.000

mACTUT 2 (12.00, 0.00) IEIGHT: 1.7io
ACTiATOR #3 (18.00, 0.00) ACTUJATOR WMXION: 5.000

I FI t I 2 I FL I IF FNT I THETA I STBPUS I
A CE I (IN) I (IN) I (IN) I X IY (M! I X I Y I

r 3.18 I 1.8454 I 59379 1 10.1249 I 17.3594 I 0LO8W1 I 9.0000 I 18.7000 1
* P 2 1 1.4916 I 0.0200 I 4.1203 I 10.1249 1 15.4584 1 0.611 9.0000 116.3000

0 0

•0 0

* S

l 0

-120

1 0

* ()

( )

•L.(, -120-



FORCES ON TEST STAGE (LOCAL COINIATES) MTE: 03-41H"
ATTIORt: 11001 - A - I IN STME

ClTUATOR MIOT POSITION: TEST STAE
SACTUATTO # ( 0.00; 0.00) LwIllT: 6.000

ACTUATOR 2 (12.00, 0.00) HEIGIT: 1.750
ACTUATOR 13 (18.00, 0.00) ACTUATOR EXTENSION: 5.000

I FXI I FYI I FXZ I FY 2 I MFI FR Y I IONT I
CASE/IDII (Ls) I (LO1) I (LI.) I (Lis) I (L3e) I MLbs) I (IN-US) I

1 V 1 4423.0 1 4239.1 133 5 1 3017.7 1 -5MU.5 1-7306.7 1 -623.2 I
0H 1947.6 1 -1699.0 1 -1333.5 I -3017.7 1 -312,1 1 4715.7 1 3409.8 1
N 1 4423.0 1 49.1! -1335.5 1 -3017.7 1 -30W7.4 1 -1271.4 I 16517.2 1

2 V1 4383.91 4167.0 1 1247.91 30M5.0 1-531.11 -7222.0 1 -8519.41
SII 1820.0 1 -1914.7 1 -1247.9 1 -30M.0 I -M2.2 4969.7 I 2419.7 1

II 4383.8 1 4167.0 1 -1247.8 1 -3033.0 I -313.11 -1112.0 I 16177.5 1

0 0

"0 0

*~~ o

* J121

( 7
S( o)e



FORE ON TEST STAGE (R.OBAW COMA9INAlES) DTE : 03-MU-"I
AC TUATOR: MOB - ADDS - 6 IN 1STRE

4 ATUATOR MOT POS]IPiN : TEST STAGE
ACTUATOR 1 ( 0.00, 0.00) Lmm: 6.000
ACTUATOR 12 (12.00, 0.00) HEIGIMT 1.750
ACTUATOR 03 (18.00 0.00) ACTMTUOR EXTEION: 5.000

IFX I FY I FX• 1 2 RX I FRY 1 0 1eT
CASEIDIRI (LS)l I(L.S) I (I3S) I (LISI) I (LI. I (LBS)I N-LS) I

I Yi 631.2 1 S12M.1 -16.15.1 3170.1 1 W~.4 1-=2 .II -626.21I
H 1 2354.3 1 -242.5 1 516.6 1 -3170.1 1 -3270.9 1 3412.6 1 340. 1
N1 631.2 1 6121.6 1 916.6 1 -3170.11 -1347.9 1 -2•8.5 I 16517.2 I

2 V 1 679.7 1 6010.0 1 -1007.9 3142.3 1 323.1 1 -9152.3 1 -619.4 1
*- 1 24.9 1 -298.9 1 1007.9 1 -3142.3 1 -332.0 3439.2 1 2419.7 0

N 679.7 I 010.0 1 1007.91 -3142.3 1 -1987.6 1 -2967.7 1 16177.9 1

* 0

* 0

I. )

S~0

! • 0

.. 0

(- .)

)

{' -1.2- 3
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(IKWMTIS OF THE TWU I1MTOR SYST11 DATE: 02-U-61
R JTUATOR: N - m s - IN sll

( ACT1TOR PIVOT PW1 OTIm: TU STME
WTUATOR ft ( 0.00, 0.00) Lui1m: 6.000
ACTUATOR R2 (12.00 o.o) IEKEI: 1.730
ACTUATOR fl (18.00, 0.00) ACTUATOR EXTEDIOI: 5.000

I l PLZ I I PU3 I rP FT I ETA I SM-S m I
CASE I (IN) I (IN) I (IN) I X I Y I (W.) I X I Y I

P I LI ,15I 8.0321 i2.6902 1 7.6594 I1 6.871 1 -0.8727 1 9SAW 18.00001 1
P 2 I 5.1063 I 5.27331 .0022 1 7.6594 1 2.0751 1 -0.8727 1 9.0000 1 17.2000 1
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( M Ow TEST STAG (LOCA. CORIMATES ) DANl 03-'t
ATIRTOR: 196 - Am85 - 6 IN oE

SACTUATOR PIVOT PUSITION: TEST STME
ACTUATOR it ( 0.00, 0.00) LuENTH: 6.00

l'TUATM 12 (12.00, 0.00) IElO1T: 1.750
ACTUMTOR 3 (18.00t 0.00) CTUCM UMTSEOM: 5.000

I FXI I FYt I FXZ I FY2 M I FRY (N WT 9I
CASE/DIR• I (LBS) I (LS) l (LOS)I(LBS) I (LIS) I (LIS) I(I•D) I

OleI V I-4M6.61 3936.4 1-41.8I 51/3.71 8126.3 -4560.61 24460.8 1
H 1 1247.4 15251 . I 3249.8 -573.7 -447.2 I -012.1 1 -1571.7 1
N 1 -4876.61 396.9 1 3249.8 1 -573.7 I 123.8 I -3413.21 1028.6

Z V -4859.21 3568.9 1 -32t3.01 483.01 6122.1 I -4M.91 24641.6 1
H I 12t .9 1M.5 I 323.0 1 -493.0 1 -4538.8 I -1083.5 -1739.5 1
S1-4859.21 3968.81 3263.0 1-43.01 I5,I 1-3476.01 16179.0 1

o " 00 0

0

6 0

o •

o 0

* S

(
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F( O N TEST STAGE (IOMA CSOIIMTES) MDTE 03-A-I6
AC1TTOR: inU - AMs - I IN STME

C ~ ACTITTS PIT POSITION: TEST STA"E
AMATOE u1 ( 0.00, 0.i) LEINTH: 6.000
ACfTWTOR 2 (12.00, 0.00) IEIWr: 1.750

SAMTM #3T (918.0o 0.00) ACTMTOM TEION: 5.000

4 FX1 I FYI I F(2 I M I FIX I FRY I INT I
CASE/|IR I (LOIS) I (LBi!) I (LIBq) I (LIS) I (L.OS) I (IJS) I (DIRUB) I

1 VI -W0.5 1 SM.41 -149.41 285.21 1729.9 -9156.61 24480.61
H 1 19"0.6 25.2 1 149.4 1 -28.2 -3520.,1 2833.0 1 -1571.7 1
K 1 -0.5 1 6293.4 1 1849.4 -29M.2 -1055.0 -3440.2 I 158. I

C 2 VI -63.0 I 273.5 1-1719.71 2818.5 1 1102.71 -M00.0 I 24641.6 1
H 2048.3 1 27.1 1 1719.7 1 -2915.5 1 -3798.0 1 2789.4 1 -1739.5 1
N • I1 -93.0 673.5 1 1719.7 1 -2916.5 1 -1635.8 1 -3457.0 1 16179.0 1

o 0

c0 0

IC U

V2 0

1* 0
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S KIMMATIs OF THE THRE ACTUATO R MTE : J 3'-aA1-11
ACTUATORF: N - AM - 6 IN STIMIE

SACTUATOR PIxVOT PSITIO: TEST STAE
ACTUJATOR #1 ( 0.00# 0.00) LENTH: 6.000
ACWITOR 92 (12.00, 0.001 HEIfT: 1.750

4 ACTUAOT #3 (11.00# 0.00) ACTIMTOR EXNION: 5.0#"

I LlI I .2IM I EFRT I THETA I sm POS I
CAE I (IN) I (IN) I (IN) I X I Y I ( ) I X I Y I

* P I I 2.7761 I 0.96911 U.S73 I 10.34C I1 6.1731 I 0.67Z7 1 9.0000 1 18.I000 I
P 2 1 2.00n 1 0.00651 5.1063 1 10.3406 I 16.0751 I 0.87271 I. I 17.2000 I

O0 0

•0 0

o 0

4 0

O 0

J:. -o 0

o
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I .FAE ON TOST STAG MC A (L CO. EMINAES BAN : 03-41"1r
ime - M70 - s Di ow-

AC1UATOR PIVOT POSITION: TEST STAE
ACTUATOR #1 ( 0.00, 0.001 wDImT: 6.0
ACTUAR 12 (12.00, 0.00) HEIGHI: 1.750

4 lWTIMAU R 13 (13.00, 0.00) "TORTUT EX2TIION" 5.000 )

SI F'XI I FYI I FX2 I FY2 I FRX I FRY I OENMIf
•<CAff./OR I (LBS) I (LBS) I (LIS) I (L.AS) I (LIS) I (InS) I (X*-MO) I

SI V I 20.0 1 244.1 1 1818.5 1 2M.7 1 -7013.5 1 -5 .3 1 -10111.3 1
H 1 1236.1 1 -2077.1 1 -1818.5 -ZW.7 522.4 1 4131.3 1 2942.3 1
N I 520.0 1 3244.1 1 -1331.5 1 -275.7 1 -3311.5 1 -48.3 1 12075.0 1

* 2 V 1 5174.9 1 3192.8 I 1791.6 1I27.7 I -'M.4 I -5960.5 1 -i005.4
H 1 1351.2 1-21M.9 1 -1181.6 1 -2777.7 430.4 1 4574.3 1 2496.0 1
a 1 5174.8 1 3182.8 1 -1701.6 1 -27.7 I-333.1 I - .1 11543.7 1

0,'
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o I

*•, 0
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I, A F 01U TES1 T STAGE (hmLm c01im1miu BAE : 03-AM-81

A ACTUATOR PIY)T PITION: TEST STAGE
AC1TUAT Oi ( o.00 0.00 ) Lw 1M: 6.000
ACTIT•AO 92 (12.00, 0.00) MIHIT: 1.750
A CUl•lO #3 (11.00, 0.00) ACTUATO EXTENI0N: s.000

SI FX! I "TI I F)C I Fy2 I FI I FRY I OW I

CASEIDlIRI IS) I (LISI I (LIS) I (LBS) I (LBS) I IS) I (IN-LBS) I

*I Y1 857.4 106M.7 1-940.6 1 3163.1 83.2 -9231.8 -1011.3 1
H I Z424.6 1 -342.5 1 W.1 1 -3133.1 1 -3368.2 1 350.7 1 2942.1 I
N 1 157.4 I013.7 1 40.8 1 -3163.1 1-179B.0 -2M0.8 I 275.8

2 V I 11J.11 6010.01 -W2.71 3150.31 94.6 -9160.31-1000.4 1
H I M1.41 -377.0 1 912.7 1 -3150.3 1 -3534.0 1 3527.3 I 2436.0 1
K 810.11 6010.0 1 '012.7 1 -3150.3 1 -1870.7 1 -2813.7 1 11543.71
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